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°d4* 3-f<*)l iMlsHr Aj-71 ^1-^21 S]^# f>, 3rfl2] Sl^^-g- S^#2l S)^ ^» n l, Aj-7] 3)^ ? 
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ft 3-f«fl iHfsffe -8-71 *I13 #^2) S\£% <f, Situs] s)^#^ sfe S)*3#2) Sl^ *M»# n3, ^71 Sl#(\ 1)21 
#4=^] °)sfl $7) 41 *^J4 71^ oJJ^ofl 44 «j /£Efe sjaj.^ oi aj. 7 ) oil ^o] ^ 

7fl^« NA1, 2)21 *^ 2l3i| $7] 42 7)1=- nfl^ ^flAjJ 7 ]s^. sjj^ q q 

7] ^2.21 4^2] 7fl^?-^» NA2, #7] 4#(X 3)21 #4H| 2)S(| $7} 43 7}^ nl*H 

3?/Efe 71^ s^Hr 01 ^j^V ^7) rfl# 312:21 4^2] 71^* NA3AS t "I, I nl I > | n2 I , 

5Eft, | nl | > | n3 | , # -jHH^lfe £-aH, #7] oil nl ^ ^ ^ # 

71^. nfl^o)] cflel ^^.21 tH^ 7|l=-g- SJS1-71 #7l 7fl^(NAl) MHW jSlft 3l^# ^^S>£^ 

^71 *|i tf^ii 7|s Dfl^si ^ 7] s.^ ^ofl =r SlU, ^71 A]Z #^2| n2 *V n%%%%7\ A} 2 #3iL 7l^ 

D W1 tHft 3iL2] 4*8 ^J/SEfe 71^ *JSl-7l 2)*l|, 71 7))^(NA2) vfloflAl <£jrS>. sj.^ <8^£^- -JM 42 
%%S. 7\^ ofl^2l 7]^ tfofl T SIS. ^7) 7fl3 #^2) n 3S> 5|^^-i- #7) ^3 71^ "fl ^1 <H1 

Cflft ^JiSl 711^ 7]*# 8JS1-71 $)««. #7] 7fl^(NA3) tfloflAl o o t^«l sUg-g. $^S>JE^. #7l ^3 

7i s 0^21 3.54 7] Aj-ofl safe s-i- si-fe till- «ao]t|.. 



cD££ 

£ 1 

AjjOjo) 

11 7)*, 71^. ofl^lj. ^gtg ^flS, S)^ #4 

£121 (a)^r £ «§0)2) Oil- ^12:21 
£121 (b)fe 5S.12) ( a )2l Oil- 312:2) 

£121 ( c )^ £12) ( a )2l Oil- 312:2) 2J^- S^Olft Efl. 

£2fe£l2l ( a )2) 01# 312.1- Af^^-jq«g 7fl^£. 

£32) ( a )*r 4 2) 4^ ^21 tfl# 3)2:21 

£321 (b)fe £32) (a) 2) 0)1- 3)22) ^<SE. 

£32) ( c )ir £32) (a) 2) tfl# 312:2) oj«. ^-ojev E ^ 

£4fe £32) (a) 2) 0)1- 3l2.# % *\<S £A)el 7 fl^ s . 

£52) (a) ifl*l (c)fe ^ ^^SV£. 

£62) ( a ) Hl^l (c)fe *m ^^^r*V£. 

£72) ( a ) vfl^l (c)fe ^^^r^£. 

£82) ( a ) ^^1 (c)fe2W ^^}-£ 

£8a2) ( a ) ifl*l (c)fe^^t^£. 
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£9zr »|5 ^H2) cfl# ^^21 A l=405nm°lH2) fSE. 
£10-8: *ll5 -S^Hsl tflf- ^22] X 2 = 650nm«ll^^ f£E. 
£118: all 5 ^H2) cfll- ^2) X 3=780nm°lH2) #i§.£. 

£12fe 7)15 4jUHS| tfl# SQsal X l = 405nm°ll tfl.$ 7 fl^ 0.85?W2) t 1 ^^^. 

£13-8- afl5 -tJ-Mofls) cfll- ^22) X l=405nm3|- NA1 0.852) 21K2.3. l^s)fe £H)7f| ^lf-^ *1#2) 
X 2=650nm2) #-§• ^^H?] 2) 

£14^r 45 ^H)2) cfl# ifflS2) \ l=405nmS+ NA2 0.852] 2^.2.5. ^e)7l) *|#2) 

X 3=780nm2) 2] -f-'fi^J-E. 

£l5fe*ll6^H2) tfl# ^ i = 405nm^l^2l 

£16£ *fl6^1afl2} cfll- 3)22) -x 2=650rim°M3) 

£17-8- ^6 ^Hl2) cH# 3)22] x 3=780nm°11^2l %3.5L. 

£18-8- *)6 ^^Hl2] tflf- 3)2.2) x i = 40 5nm°11 ^ 7fl^ 0.85^12] ^^s. 

£19fe- 46 "i*}<*}2] <3)f- fS2| X l=405nm4 NA1 0.852) 2^5- l^s)fe £S)7fl ^#4 ^ *1»2) 

X 2=650nm2l ^aW?] ^2) ^^je. 

£208: 46 ^ A l°i]2] cH§ ^12:21 \ l=405nm3]- NA2 0.852) 2flS 2E)7fl *1»2] 

X 3=780nm2) "gAH-jl ^^ej ^ng^^t^ 

£21-8: *«7 4)*H2) tHl- X l=405nm<H|^2) 

£22rr ^17 ^*H2) ^2:2) \ 2=650nm°11^2) 

£23-8: 47 ^H2j cfl# ^22) \ 3=780nm^^2) fSE. 

£24^r ^17 -gAHS) 3)22) x l=405nm°ll tfl* 7fl^ 0.85^)2) ^S^S. 

£25fe *fi7 -*)aH2) cfl# sffl22l X l=405nm4 NA1 0.852) 2fA5. ^S)±r 2S)7fl x)f-2). 55.$. ^ =.2) 
X 2=650nm2) #-g- $4*1?! 2) 

£268: 47 -1=J7>H°1 cfll- ^22) x l=405nm2)- NA2 0.852) 2^0.5. ^sItt 2H)7l) *)#4 ^-§-# *1#2] 
X 3=780nm2) #-g- ^-f 2) -f^^KS. 

£27-8- ^l8^Alo})s) c|)# 3)22) x l=405nm^7.-)2l 

£288- ^18 ^t,H)2) tfll- 3)22) x 2=655nm<HH2) #£.£. 

£29fe ^18 tflf- ^2) x 3=785n m ^1^2) ^£E. 

£30-8- *118*UH2) cfl# ^23) X l=405nm°)l cfl^V 7fl^ 0.857W2) 
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£31* *\}8 ^ 21 rfl# ^Sl X l=405nm3l- NA1 0.8521 ^£l* *1#2] 

\ 2=655nm2l «a<*Ml?! ^-f ^ifi^E. 

£32* 41 8 -8*141*1 tfl# Sflaa] X 3=785nm41 cflt> fl-?^ 0.45?M2l ^^E. 

£33* £1741 E^M tfl# -g-cfl^ ^E)fi| «Uj..§-2f £ ^ 

£34* * tt*4| n^g. * 7fl\|2}£sL £Al*V e°L 

£35* * « a Vt 34| nhg. t} = # 7fl U2j 0.3. £ a]^ E<g. 
£36* * H^l ttf# £ # 5| <y 7Bla| o.s £.Aitb E£. 

£37* * t^l a} # 5E cj^. # q <g ^s^. 7 ^^S £a]*V e<& 
£38* * «-«8<fl SE ^ # ;g.*j» 7^mi£. SLA]® E<g. 
£39* * t Vl 341 4* £ * 71)^^0.5. £A]eV e£. 

£40-8- * ^41 4* SE t}=i # 5j<y ^jm 7fl ^aj o.s £Ale> e>3. 
£41* * 1^41 5E 4* * #*lf- EA]*V e^. 

£42* 4U ^Eflo)! n^^i #^<£ 7flH|aj.0 3.£Al$E^. 

£432j ( a )* £92} *|)l # #*14] o]^s]^ ^.g. ±^0) t±% ^.,gE°U, E4321 ( b ) 

* Cff 1 S]^ 4^ aj-^ Aj^S)- 7 | fl«|-0^ S^VS)- ^&3|.S] 2J-7411- EA]$ E^. 

£44* m ^Al ^Eflofl n^g. *fl2 7fl^^] oa ea!*V 

£45* 412 ^Al ^Eflo)| n^g. 43%^ #*1» 7^2)o £ 5E.A] &V E<* 
£46* 4)2 ^a] ^Efloil n}^ ^4 # 7fl\i3 03. £a]§ e^. 

£47* 413 ^Al ^Eflo)] nj^. »|5 # *)<>) 3.^* 7 fl^3l£S £AlrrV e^|. 
£48* ^13 ^Al 4= ») 6 ^ ^sll- o. s E a]^. e^. 

£49fe 44 ^^41 $7 % 7^^0.3. £a]$ e^. 

£50* 4 ^a] $Efl 51 z]- ^a14141a1 ol-g-t =r Si* 7fl^ ^ Sfe 7fl^ ^cfo.^A^ cfl# aj^^. 

£51* £1721 *cfl «E)s) *)-*-§■ Ai^s> 7 ] £^. 
£52* £1721 *rfl ^Ei^ 4^ E^. 
£53* ^11 ^A141S1 ^]22] \ l=405nm4lAl^ ^- S £. 
£54* ^11 ^^H2] cfll- ^221 X 2=650nm4lAis) ^a£. 
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£55fe 4l 4*14^ tfl# 3I2.2I \ 3=780nm442l fSE. 

H56£ 4l -3 AH a] cfl# €2:2] \ l = 405nm°ll 7fl^ 0.8544*1 ^444£. 
£574 4l ^*HS1 tfl# ^ise) \ 2=650nm°ti cfl4 7fl^4 0.654*13 ^444E. 
E584 a|l 4*Hsl c|)£ 3122I x 3=780nm4 nfl4 7 fl^ 0.504*)sl 
£59^ 4l 4*1421 tfl# 3I24 x 2=650nm4 tfl# 4€- 4444SL. 
£604 4l 4443 44 3122) X 3=780nm4 44 cf# ^^s. 
E614 42 4443 3# X l=405nm443 

E62fe 42 4443 34 4443 nfll- ^2] X l=405nm ± 10nm4 44 4^4 0.854*13 4444E. 

£634 ^12 4443 ^ J3.^ 0 )n]<q. cfl# 4^43 x l=405nm ± 10nm4 44 444 0.85 

4*13 4444E 

E644 42 4443 3# cfl# 3)2:21 x 2=650nm443 *£E. 

E65fe 42 4443 34 4443 ■})-§• $12:21 X 3=780nm443 #jiL£. 

£664 42 4443 3# ^^12] tfl# 31;*2j x 2=650nm4 44 4^ 0.654*121 ^fl^afE. 
SL67€r 42 4443 3# ^7fl2l ifll- 31321 X 3=780nm4 44 444 0.504*1 21 4444£ 
£684 43 ^ 4°l si 34 4443 X l=405nm443 ^SE. 

£69^r 43-H44334 #«|.7fl2] x l=405nm ± 10nm4 44 444 0.854*121 4444£. 
£704 43 4443 4442} X 2=650nm443 ^SE. 
£714 ^13 41443 34 4471121 X 3=780nm443 fS£. 

£72£r 43 4443 34 4443 X 2=650nm4 44 71144 0.654*12) 4444£. 
£734 43 ^ *H Si 34 4471121 X 3=780nm4 44 444 0.504*121 4444£ 
£74tt ^14 ^ AH 21 34 4471)21 X l=405nm«ll42l fSE. 

£75*r 44 4443 34 4471121 X l=405nm ± 10nm4 44 444 0.854*13 4444£. 

£764 ^14 ^ AH Si 3 4 4471121 tq* 31221 X 2=650nm443 t^E. 

£774 ^4 4443 3# *«M|fil cfl# 31a2l X 3=780nm443 ^JLE. 

£784 44 ^AH2) 3# ^71121 x 2=650nm4 44 444 0.654*121 4444£. 

£79^r 44 4443 ^ ^t))^ x 3= 780nm4 44 444 0.504*1 21 4444£. 
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£80-8: ^15 ^7)| 2] \ l=405nm°IH2) #351. 

£81* *ll5 414^ ^4 #tj-7flcq x 2=650nntfH4 4§L£. 
£82fe *fl5 ^Hl2l 447)12) K 3=780nm°lH2l #3.51. 

£83* *fi5 ^Aloijal 447)12) X l=405nm ± 10nm°l] 014 7fl^ 0.854*]2) t^^I-E. 
£84^r *\}5 ^*H2) 447)12) X 2=650nm°ll 3)4 7fl^ 0.654*12} t^^VE. 
£85fer 45 4*Hl2) 34 447)121 X 3=780nm°ll nfls* 7fl^ 0.504*)2l ^^4£. 

£86-8: *f|5 4*H2] ;*># 4471HH x l = 405nm4 NA1 0.852] ^0.3. £;g£)fe 2E)7fl ^#2)- ^§-# ^ *) 
#2] \ 2=650nm2) 4"§: ^M?] 

£87€r m 44<i2] 34 447i]2) X l=405nm°IW2} 4S£. 

£88* ^16 ^H12] 34 447)) 2) 0]# 3lS2) X l=405nm ± 10nm°l] ^ 71)4^ 0.854*12] 44*r4£. 

£89fe ^16 4*Hl2) 3# 44t)|2) \ 2=650nm°)H2] #3E. 

£90-8- ^16 4*Hl2l 3# #3}-?|)2l X 3=780nm°IH2) #3£. 

£.91-8- ^16 4*H2) ^4 447)12] X 2=650nm^l 3)4 7fl^^ 0.654*12] 

E92tt ^6-£*)°%2)%% #^121 \ 3=780nm°t] ^ *b 7114^ 0.504*1 2] ^^a. 

£93-8- ^12 44 K B, S14 ^tH^ 3344 #efl°l^ 4201H tt^^fe 44 405nm2] #2] i*f S)444, 44 
650nm2] #2] I*} S)444, 4# 780nm2l 42) 1*1- S)4442] S]^ ^flS 4^ 4* 2)#^# 44\3 £ 

4. 

£94fe 340nm < X B < 450nm-i- 444^ ^2. 44 \ B4 2)^ ^V^Z^l-M *) 344 t^H^ 4^44 
44 405nm2] #2] 24 S);£#4 4# 650nm2l #2] 14 3)444 44 780nm2l #21 14 3)442) 2)4 Jl-§-2] 

>1| 2 44°ll d]4 21 44,4 51<4 

£95 fe- 390nm £ X B £ 440nm-§- 444fe" ^12: 44 X B4 S]^ 446°IH 3 344 45)H^ -f^o)) A| ifi-^sj-^. 
44 405nm2l #2) 64 3) ^#4 44 650nm2l ^-2] 4^V 5] 4# 780nm2) ^-2] 3S). S);g#2| 5]^ 3l#2] 

^1 2 4*cHl <fl ?1 2] §^ ^ 14E1-M) 

£96^8- ^113 ^^-1 ^CD^l 4# ^18 # 7fl^^S £Ala} 

£97-8- ^15 -i^l ^Efl<^l 4# ^119 # #^1# 71)^3 £A]tV £^. 

£98* -i&H^2] o|Aj- O.S. ^-t} 3-9-2) %Z? ^21 A d» ^^47) 21 6V 

< £^21 ^SL ^-§oll cfltV ^15] 4i^> 
OBJ1, 8, 34 : tflf- €^ 
S1,S2:#4^ 
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Dl, D2, D3 : »|l 4 c]i3 

LD1, L2, LD3, 11, 12 ,13 : 

CL : -f-eHo|Ei $2- 

Drl, Dr2, Dr3 : .714$ 

5 : ^4 2.3 ^ 

6:714^*11.2-4 2.3 =^4 

7 : 7l^-^7fl 4°1 

9 : #S ^ ^ 

15, 17 : £4 U J ^#213 

4*3 °1 44fe 7l# a §o>sl #2fl7l# 
£ 4 t 3£ 43(714 4£L)o| cfg 3*42} 4 7)4 D ^eq ^2ifi| 7 )S. 5} 7 fl^ a£ ^sj^- ^ ^ 

* ^ 44 °1 4 4$ 4*141 °144 =r 5Ufe =flf- €a. 7l 4*114 23 44. 4*r4 2.3 44, 714 4^1 2. 
4 23 44, 7fl4 7114/44 44, 44 4*14 oi-g.^. 7)4- 7})^ 4*H 44 

^Hflfi] 4 ^^afe CD(44S ^^3.) fEfe- DVD 4°lt 43*1 54 tt 44 

2) 43 £tt 34&1 cflolE^ 2^4 4£ C]*l<g 01o|Eio] ^e] A}.g.£]j2 44. 324 432] ESflfif 

4*11 4 nl^asl cfl-g-^21-71- 44?11 

* t^^ael 43 33 "3- 7]s -§-^=(71^ u^-a ^Ai?]7l fl^Hfe- 4 s)<3 *«M|s+6l 4<H4fe ^4 3 #4 4 
Tfl 444 44. °1 ^*2] 3#£- 434 £oJ \/NA(4, A fe- 442} 44, NAfe 447)12] 7fl44)°11 Hl«|«|-S. 
s, ^4 344 4*1 s>7l %n*\±= 4 4$ 4*HH 444fe 44<>] 4444 5 *«MM4 * 32 7m «1*H 
tfl444 fl|| tflf- ^1221 H7114444 4^44. 

3 71-S-cfl 44s] 44446H OWfe 44 400nm 3^2] 44 444fe- 34*9 4£*fl elM34 SHG 34^ ^°1 
7-121 4471- 444 2°lH &<>] 4447]- 7W*f\%z\5l t 5i^. °1 DVD21- 5<y$ NA 0. 

6521 tfl# «2# 4-g-S>fe DVDSf f-2J*V 12cm2l ^ cl^noll 15GB %2.s\ 7^0] 

4. 

SEth tfl# Ji7fl^Sl-oll tflsflA^ 271121 qnaa S^5><^ NA 0.8521 j^fl-T^Sj-f - ifl-t €2-^1 ^ 

Q*$S)J1 -y-^ ^43- ^4 NA 0.8521 J27l)^ 011- 312,1- A]-g.«|.^ a)^ I2cm2l # c)^ 

31 25GB 7jE2l %nsi\ 7}^o) 7>^sfl^ t># c)^ H^SSj-* =r Xi4. 

°14 Hll^5Hl A 1 i'Ssoj «Wta ^ c^H(°ish "S^^^fe " DVD" 4^2 -¥-E4.)» 711^4 
71 21*1 %Z)<$ Ali^ofl cflev £^ 7Mo] ^ejEUi o^fecfl, o) % Al^^. J2^£ DVD ^ CD4 ^fl^(7l 
<a £ )ol 3^21 ^- clA 3f ^jtiE^g].^ 7 |s. 7fl ^j t ^ *V4. 



- 7 - 



-^fl-a-*! ^2003-0030926 



344H214* ij^SRr t^G-S-t: 44*1 % 3^32] fl^ofl tfl-f-SHr nflf- 3}2l- ^Jflaj-S-S. ^*SV7l4 44*1 
% cli£2) fl-^ofl tfl-g-s}^ 4- q<$ lM|SRr 53 # Stlfecfl. o] ^^MItt cfl« 3122] ««• 7l^v+ 

^Hr*l % ^171- ll^ol] 44 * 4<S 4^°] tfl^ Jff. ^o] ^ ^ 2 AE^ AV^ = ol ^Sfl^4. 

"taH, dvd 3! cd4*1 ^sjle)Ei7l- ja.^s)fe sis dvd-8- #4°J 4^0)14 # 4°J 4^*1 £^4, Jf§ 3 

T*l 44, S^S 4-§-§- ££.471 %n «HM* Tmo) ^ 3***1 % ^^3°11 ^-f2) nfl-i- 3l2f- 

4-8-*M 71 » 7.}]^# ^*3*Rr 5W4H t *r 5U4. 



°H1, -ff4°l 4-g- 3***1 % cliHofl -g-f s) cfl# 3l2f- ol-g-SH 7]s- ^ll^-i- ^SHr # AliEfl^- 
fe 3H1 aw^s] o]«HI 71**4. 

(1) CD* JM*fe ^S" 3l22VcD4*l 7l£l(ah^ tie]) aj-ji 



°13€- 312:21 NA» DVD(NA 0.6 M14 0.65) Jit* 4* ^±S.^ ^44^ 47fl°14. H^S. DVD°)14 nfl 
1- 3127V :QNA44^ ^-fofl iL:£ 4*(Jf-°§ 7|* Jf.£ ajr*o]S|.jiE evcf) if ^V DVD4 0.6mm°l* 4 3 
i3Sl ^#(344 2)Sfl tt^4fc 34 <r*\7\ 9\t\E.3., S.S. 71* ^M* 0.6mmSL4 4?ti *H * 3^ 

321 cfl* 44"lr 4J±t 1l.fl.7V &4. °14 DVD* J2NA 24*1 3)23. cfl§ 

3127V fi-7flsg 10 -12341051 ^a.«fl 7l7flSl<H &4. 



^44. 25 -?4*1 312^ 7l#s) i? ^2) tq# 312°11 ni«n aVf- 71S17V CD* 71^ 7.fl^4fe % 

4* ^1 ell- 4S.471 ©1^4. CD4 NA 0.45 tfl4 0.5°+, Jl'flE DVD4 DVD°11 «l«fl NA?V 44 uflS-ofl 
S.S. 71* ^M|2l ^12 -2-4°ti 01* -?SV7V ^44 <y^*V7l Sl££ 1L2. 71* ^M|2l 7|^SV°fl nV-E 3.^. tcV 

eV^i, CD°4- till- 3122+el ^f-ofl nv^. cfloiElsl «j-^sV7l fl«fl^fe CD* 7is. 78>9SVfe ^-f<fl ^ t)e]i- 

^§S1 aVii^t ^^.7V 5afecfl, ©1 *^o)1^1 -ff2jol CV« 3*#S1 * ^^3oll ^-f 21 nfl# 312» 0)^^ 7)^ 7 fl 

^■s- T*j«vfe * ^i^^^2] 2? ^2] oi# 3i2fe «v&*m*i ^-sv^ji t t 1 szcv. 



(2) 71* ^21 sV<>H aw t^slfe 5^^^V 



CD(riJl 71*^^1 1.2mm)2V DVD(a.J: 7l* ^] 0.6mm) ^ SlS 7l* ^ofl 0.6mm2l ^V°l7V nVeV^, ff 
^°1 4# 3***1 # cl^Hofl 2] cfll- 312* ol^-SV^ 7|s 7fl>a# ^*SSVfe * ^l^ollfe ^1©1£ CD°+ 

dvd21 7i* xv<>h 4^ ^-^ ^^v» ii^sv7i 2i *v ^*-i- -asi^ ^^7V °acv. 4-a-si. ^1- 31221 a 

NASl°il oVeV 3-^5. DVD21 ^.J: 7l* f-^V 0.6mmS.cV ^V* ^-f^lfe 215 7l* 3**21 * 

3^321 71* ^M)2l *V°H nV* ^^^r^Vl- 3i^tV7l flft ^*-§- ^^1§ ^A?V $icV. 



(3) *^2l ^o}6\] ^5)fe ^^^V 



42V ^-o] DVDoll^^ alJE^-l- t^SV7l 21sV^ 400nm ^£3] ^ ^ ^el 

4, *2flsl cH# 3!2oilAife 312 7fls.2l g-AHl oVeV t^^^t^V^V ^^*V7l uncoil *^-oi 4=. ^o.s.^21 

44*1 * cl^H2l 7l^^^l 712] ^^SVS. ^)^-3V^ 5J°1 ^*§V4. «*aH, jI^JE. DVD(44 400n 
m)*h DVD(*4 650nm)2V, CD(*4 780nm)2l €o)E]le)H)l- ^«V7l fl^fe. *^-2l *V°H1 44 T^^^Vl- 
a.^§§V7l *14°^ i^*l 1J3.SV4. 
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a?H4, 4 4*MW*r %Q2) 44444 31*2] 31NASH1 44 °14°11 7l#3fe §-^71- 4*1)444. 
41$ 400nm ^£2] 444^1 4"§- iH^Hr 3*H 4^31 M 6 1*1* 44-2--S. °]-8-4fe 3441 ^# 



*t44 £*115H ^4=1*14 4*11^4 -8r£ 444 #3 £4 f4| ^ 44°1 £43-2.3. tnm € 

44£r £E ^.£.44. JZ.= £^£ tfl-i- ^aaj 71^^** 4 ^1- ^J£S £43^.S 2jo]L]-i=. 4 

4 «fl-o]s.a, ifl-8- ^ss) 4|^-7> ja.;8S!*l &<>.4 3# flajs; olf-iMl cfl-§-4fe ^go] ^7l-sH tfl# 



cH# «aofl oi-g-s]^ <H4a|4 «a 7]) 3.2) 444 3*1 4s*H sfloj^uf av E ^| ejoj^o] 4^. <g«o) 600nm 
M]*l 800nm a H4 ^4*1 aa] 5fi££, CD4 DVD°IH4 J2~^ J^l s)4 tflf - ^se] ^42) <£$7} £afl4 
*l &^4. 

^4, H*W #£Jfl <3<Sjo] 400nm ^Hj-oflA^ g 2 7^S.S\ ^0} D | °- tnin^l 44 £ 

SHIJE. tfl-f- ^122] ^av <i\?\7\ HTfl <>R44. 444, JI^S. DVD<*H *J4 A -»1 451*11 44°-3 444fe 

34^1 44°) J[^-|- ^?|^ $12:21 *J4 ^4°1 37fl 44=H 434 7|4^o|u|. 7fl^# ^8J§ ^ 

4-31 4 5U4. 

^1221 4*1]4 tfl4 Silal- HNA44tt 3-iHl o^b) 7H i*f AojiS. °lSfl 4^4^r 44442) 4»1°14. 



* 4*H4 * ^32) SJE. 7)4 ^5flol »|2 iSH| 2)Sll 4^3444444 Cfl# ^12:21 NA21 4*oll «1 SI \ 

44. °1 44444 *l-8-^^ifls fl«J|4fe % 3^2] £LJl 714 44|2l *fl2 £*WI 314 444 *r U m 

S S- «A7> Xi^cll, o| ^^.61] ^- c]^H2l a(2 ^#ol 1411)^ o^aJ-o)] ^.^ ^-sj7> tj-. tCf^A^ D 

VD^l^i ^1^1- UNASj-SRr ^-f^fe * ^^321 ii 7|4 ^^2] <ysf| ^Slfe f^^^f ^.^ 

#71 2) £ 4|S1 1 ^^.71- SUl=h. 



7flSS. <§^4 tfl§ ^S2l §^ -2-H71- #*3W 3 cfl# ^2.21 ^#01 ^^-tl-^ cfll- ^| 2 ollA^ 

aI-71- 1^4. °1 #^-1: «i^-°ll 4^- ^^xle) l^-^-a- mi- ^1^2^ na^ 4*°11 aiaj^ss, una m# ^si- 
^^1 42} «r^sife ^^^4» a.^*>7l 21^- ^ A7} 

*)^J17\ ^ 71 £2j 4^1 

°H1, -g- ^#2) zj- ^11- «fl^sH iUlE DVD, DVD. CD2^ 3*^-2] % v]^3.s] ^S. J:4* *-f 2| 

€s» ^^fe * CD21 4* 7lsl7> <§^s] 4^.4 4 4*1 « *Hff*te ^-^^-S. 

44. 

£4, Ja'fiS DVD, DVD, CD^l 3^421 4 t^32) ^ 5)^ ^ ± ^ ^^f - 444<^ ^ 

^4fe 4 4*1sa-i, z^-zi-21 % uii32l a>^. 43. <s^oiia^ ^ oi-g. i^g. <a^. ^ 5a fe ^. ^ 
» >H1^4^ ^*\±sL 44. 
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SE$, H'gE DVD, DVD, CD 3 ) 3^2) # ^^3S] 3Jr S.^ -?-f S) cfl-§- ^af- o]-§.s].cr| ^sl-fe. # «3<S 3 ' 

H^t DVD1- 7l* ^/SEfe- 7fl^*l-fe 3-°-°ll ^lslfe *«sl <cW ^-^°H 7l°l§Hr 4j^h ifiSK 
££L ^-2] *3 i£SHl 7l°]SH ^ISoflA^ §^S|^. iiai 71* f-*j]S| 7)1 2 j^Hl 7lo]§fe 

^■a^r^l- ^SMl 2.3 t 1 SI-2-JS.S., ov^S jIIE DVD 3 ! 7|* rt /£ i=. ^.g. ^ oj- 3. ^ 3^3. 

*II#*H? a* *3 o.s £4. 



i> v #* * «)<£ °]-§-f- ^ 5Ufe ^# 71* ^-^|^ a 3 ^g. d^sf SL3 ^r#, 7)* ^1 ijiv 14 

3 "r*. *H£/^* s)^ ^ £4 51 ^ £4f- all^lfe 3* *3^.S #4. 6>^-sl, 3. ;tf<g 

3^*2) 4# % ?1* ufl^o]) ^a.s] 71* 3>/£ir *r«Jt =r 5flfe 7l*- ^ *1 

#71 **)-& sitb-S- ^°il «fl*H ^#4. 



£ ttflefl H^S- nfl-i- *# X 121 *)]l *«6.S^-E]fil o|-g.sH t)H ajL ^-^l( t l)-g- £fe 7)] 1 3 

3iL 71* nfl^flofl ^2) 7l*# *3X 2(X 1 < X 2)2) 7fl2 ^QSLsL^S] t^§T °]% 

f>}<$ 42 71* *M(t2 > tl)# £fe X|2 * ^a. 71* nH^ofl 3a2} 7))^ Ri/£Efe 71*1- t^M, *# X 3 
(X 2 < X 3)21 »|3 *«AS-¥-Elaj 3*-§- ol-g-Sfoj t)]3 aJ. 7l* ^-^(t3 > t2)# £tt *)]3 * 3 A 7l* o|Xj| 
°)1 ^SLfi) W ^/SEtt 7l*# ^*M^r * SI'S ^^1-8- tfl* flaSAj, aj-7) cflo. 2,^^ §>u ^ WfliWI 

^4l€^2l *^o] ^-cfl^)S <>lf-<H* 7>^H, ^>7l 5)^ ^2oil -S-71 »|1 ^^S.^.E| X 121 

*ll ^°1 °M\S\tt t^sl-^ ^71 ^)ll ^21 5)^^f- alcflfil JJ-fe S1^^2l 2)^ n i, 

4 V 7l ^-2o)l #71 42 ^-^O-S-f-El *^"X 221 ^12 *^o] ^4S)fe ^aj-fe ^12 ^-*2l 2\*i%^ 

alcflaj 3)^^#- SHr ^^^-21 S)^ n 2, %7\ S]^ ^^o)] ^)} 3 ^o. S ^ X 32) »|3 #*<>1 <y 

4=lfe ^4-<H) tt^ai-fe *7l >03 ^21 S)^^ 2)cflsl Sj^fl-^-g- ^fe S|^S) 5)^ ^^r» n3, ^o v 7l 4^ X 1 
2) 2]31| ^71 >| 1 % 71* ofl^jofl- ^fl^ ^/SEi, ^S^gfe Cflofl ^7] ^ s2l 4.^0) ^ 

* 7fl^=rl- NA1, -*7l 4# X 221 ^°11 Slsfl a 0 v 7 | 7 1* °8^H 7})^ 7|*^ ^fla^fe cfloll ^ 

tfl* ^^2] ofl^ tUt 1 ^* NA2, -871 *# X 32) ^#ofl slsfl ^- 7 ] ^3 * 7l* ofl^oii 

7l*# ^sjsl^ i^Hl *^t!- ^71 rfl# ?lsel i^sl 7fl^l- NA3o)e}-Il 1- ^, 



I nl I > I n2 I 
I nl I > I n3 I 



# *^)7lfe -g-Aloll ^-7) CHI- xSSfe- ^71 Xll ^ ^Ji 71* oflsM ^JiSl 7fl^ ^/SEfe 71*-^ ^«J§l-7l # 
7] 7fl^ NA1MHW ^^Sl£* -8-71 ^]l *#sl nl^l- Sl^^-* ^-7) % ^Ji 7l* uj^fil 3a. 

7)*^^ ^ 5ao.nl, 3-7] 7^12 * ^a 7)* o|*H 3a2) 711^ 7)*1 ^fl«|-7l ^7l 7fl^ 

NA2Ml«>llAi ojjrdl 3.7) 7, l2 n2 ^ 2)^^ 3-7I 7112 % ^a 71* oflsilal 7ja 71* 

^-5H 'JttT 3-71 XI 3 * ^ 3i 7)* oflSflo)] 3a2) 7fli) */SE^ 71*^- ^3j§f7l ^71 7fl^ NA 

3M)oflA^ oj:j-ev 4^ ^^S>£* 3-71 $3 *^2) „3^ ^^*-g- 3M >j|3 * ^S. 7l* ofl^s] 3a 7l*^3°H 



o] rfl# ^12,6)1 H)-S^ j Till 3- 3a 71* ni|*|] xfl*l 71)3 * ^ga 71* ofl^jfil 71* % Tfl^ofl Af^S]fe. 3-*Sl 3)^ »}■ 
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<tA *1* *^l?l£^ ^ %}i # 7)3. „]|*g ^,13 # ^ 7 )S. njaJS] 7 }s. Rl 

*H4N ^ cflsH *W £4* <9# t Sfl4. °1 33 ^-S-ofl 2)sfi 4l SJL 

71* ^ *|3 iL^ 71* 3j<HS. 27fl Si t& 71* *M|Sj SfoH *^fe t^^I^SH- il^SlH 

^1 * 7is. D |)^i ifl^ # ^ 71 -a tuq s.^d\] ^gjifij 71 s. o^gj-Tfl ^sj^ ^4 £ 

*, 31^ ^2:21 21 4| *#°1 4€ *«6.S^-E|S) tt*) t||l- <a^* qflS T.flS.31 «-tWI 21 

sfl fcSj-sKr t^^W £L^5|as, *fll # ^M. 7)^ ufl^) vfl^l 71)3 % 7]s. afl^l 3.^] ^fifi] 7^ SEfe Tfl^ 

#7l 5\*A ^Sfe *# X B, #71 5)^ ^ nHH 3 3*1-3 cf-g- a]^ *-^A]7lfe 5jo| 4*3lS|-4. 

380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < X 3 < 800nm 
340nm < X B < 440nm 

I nl I =2 

I n2 I = 1 

I n3 I =1 

SE*. c*fr 4* 71 fe- S ol 514. 

350nm < X B < 420nm 

SE$, #7) fi|$ ^ifer *# X B, #7) ^ n l4H al^^-slfe f*H cf-g- #-§• *^l7l^r 3M 4^s>cf. 
380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < X 3 < 800nm 
400nm < X B < 430nm 

I nl I =6 

I n2 I =4 

I n3 I =3 

405nm < X B < 425nm 
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£«■. 4# X B, #7l 3|*1 ^ n HH ^^^^ #7] 5)^ #71 £tfl3] 4 fl*]* 

<!>„= nl- (b 2 - h 2 + b 4 - h 4 + b e - h 6 + • • • ) 

oil *1 «l| ^2\S\^%^}^S.^^^^]{^7}^h^%^S.^]S] £o| (mm)>b2(b4>b6> . ■ • 
2*h 4*h 6*1- , • • • 21 #^(3*3 Tfl^el-JIH ft^oiq.}, 

PD = S(-2' nl- b 2 ) 

o)l 218)1 ^SlSlfe- ?3&*\ ^(mni- 1 )7> t^g- ^-g- oHH5lfe 5l# aV^sW. 
0.5 x 10 2 < PD < 5.0 x 10 2 

SEtb, -8-71 cfl§ ^afc §1-421 «a5.2.s 3°1 ^^sv^-. °H1 nq-eq-. # ^ #*HW ^ ^3 # ^a. 

7]^- ofl^floii tfl^. qjg. %$*\ Q&ig ^ ojt^. o] ^0.011 #71 ifflsa] a o v 7 ] 4^. x lofl^a] ^3 ?)e11- 

fl(mm), f># d(mm), #7l sft^cfl ^4^^ #7l 4# X 1«1 #^3l *l»-§- <t> l(mm), #7) *\}3 # # 

SL 7m #^3} 7lH 7ls.# ^flSHr 3*2} #71 Cfll- ^!S2) *)--§- 7lEl# fB3(mm)S nfl, 4"§" 

n>a A ] ? ]^ 5J0] ^ 7121 aj-Ji# 3*H Dl^-^^Sl-cf. 

0.7 < d/fl < 1.5 
2.8 < $ 1 < 5.8 
fB3 > 0.2 

SE$, #71 ^13 * #iL 71^ D^oll #£21 ^2 7l^# ^fl^fc #71 CH# ^2:31 g# Bfl## m3 jg. 

m3 < 0 

°1 #^ °J^l7l^ # 0} «>^gj.tf. 

- 0.25 < m3 < - 0.05 

#71 *)]2 * #iL 71^ n||XH ^£2^ Tfl^ 7IS.0. ^sj.- ^ o. t tfl# flaa] «fl-§-§- m2S 

*> ^0.011 4-S- #* WWfc 301 «>^2i5Vci-. 

m2 < 0 

o] ^-fofl #-§- 3°1 

- 0.20 < m2 < - 0.02 

a*, #71 ifl* SHasl ## 711 ^ NA1. NA2fe, 
NA1 > NA2 
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#3 ^3 #71 #=^ 7fl^ NA2-§.-¥-3 NAH nfl-g-SKr <33^§: f"4*>fe #7] 4# X 23 #7] aj|2 

# 3 34 7|S nfl^Sl 7 )4~ia#7M £^Slfe # 7 ] 4# \ 22] #3 ## 7fl^ NA1HH3 #7) 
*fl2 # 3Ji 71^. DflSfl^ ^ J± 7l^oflAiS] 4^^V7V 0.07 X 2i£4 AVEflo] 3)0) U^3)SfCf. 

3 fl-foH #71 4# X 221 #3 ## 7fl^ NAH°)H #3 *\]2 % 3*4 3* dD^o] 3 £. 7l* ^#0^ 2). 

« < r*V7V 0.20 X 2.5L4 €■ #Efl°! a>^s].cl-. 

SE$. #71 tfl# ^aal #A 7fl^ NA1, NA2, NA3£r, 

NA 1 > NA2 > NA3 

#71 tfl# iffl^fil #71 ## tBt 1 ^ NA3S-¥-El NAH tfi-i-sRr <83* f^fe #7] 4# X 33 #^r£ #7l »|3 

# '58J± 71^ ofl^Sl' ^ Ji 7l^.^#^l £^3^ #7) 4# X 33 #3 ## 7fl^ NAlMHH #7l 
*|3 # ^ J4 7m cfN2) ^ji 3^ ^#oflA^2j s|-^sw 0.07 X 3J44 €• #Efl°] 3J°1 4#3s>4. 

Hth #71 4# X 33 #^r£ #71 ## 711^ NA1MH3 #71 ^13 # ^giL 3^ 1^2) 33. 7^ <3#°iH3 43 
<r*W 0.02 X 33.4 s #eJ|o1 ^Jo] sft}-. 

#71 tfl# 3!^, 

NA1 > NA2 

f ^l ? lH fAHi 

#71 cfll- ^l^Sl #71 #^ NA23.-f 3 NAH tfl-g-Sfe 33°11 343fe- #71 4# X 23 #^-§" 43"43 

#3 cfll- ^isel #71 ## 7fl^ NA2-sL J j L 3 naHI cfl-§-SHr 33*1) 343fe #7l 4# X 23 #^r3 #3 ^2 

# 3-fiL 3S. DjSllfil ^8 a. 7}^^}7] 5Li£s\7.) gj. fe ^ol 7Br# 7fl^ 7fl$ ^-§- ££r ?! oj 4^344. 

SE$, #3 711?- afl$ ^tf£r #71 tfl# <a^3 #71 ## 7B^ NA2-sL J i L 3 naHI tH-frs^ 33*11 343^ 3# 
x 13 #^f# ^-44^ #3 <3# ^asl #7l ## 7fl^ NA2.s. J f 3 naH m-§-4rr <8«H 343rr 3# 
x 23 3^s>fe 3# -a^-i- ^ 3 3#3 si-3. 

#3 tfl# ^la^, 

NAl > NA2 > NA3 

*3#33^f-3°il. 

#71 nfl# ^2:3 #3 ## 711^ NA3S-¥-E] NA1<H1 ^-§-§1^ cg^6)| oj^^ ^^j. x 3^ 

#3 tj)# ^1^ #71 #^ 7 fl^- NA3S^ NAHI ^#s>fe- <g^o)) ajAfslir #3 4# X 33 #^3 #3 ^13 

# ^a. 3-s. n))^^ 7Wfl#^ s^sq^i ^ 5>fe ?J3 7l-^*v 7fl^ >|« 5! o] uV^3 

se*>, #3 7fl^ ^i*v ^-a: #3 cfl# snssi #71 ## 7il^^ na3s-¥-e1 NAH ^-S-s>^ <3*H1 <a43fe 3# 
x 13 f-3s>fe ^3°ll #3 ifl* «s3 #3 ## 711^ na3s^e] naH cfl-§-s}fe 33°ll 343^ 3# 
x 33 3^*1^ 4# #3^# 513 4#333. 
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Eft, «W «1* ft#?l^ 53 »1 4?W4. 

380nm < X 1 < 420nm 

630nm < X 2 < 670nm 

760nm < X 3 < 800nm 

0.0mm ^ tl < 0.3mm 

0.5mm < t2 < 0.7mm 

1.0mm < t3 < 1.3mm 

0.99 > NA1 > 0.70 

0.70 > NA2 > 0.55 

0.55 > NA3 ^ 0.40 



Sift, * tf€5E^t #*lfe 4# X 121 XI 1 ^AS-f-Elsl #4-g- o]%i%*\ xll ^ 7 |# *jM|(t 

1)1- £fe Xll * ^M. 71^ oflXH ^ jifil 7flAj tf/s^ 71^* ^*J44 4# X 2(X 1 < X 2)2) Xl2 %^S.^- 
E)s] #4?* °1**M 7fl2 11 7148- Jf X|(t2 > tl)# 5fe Xl2 4 7]-!=- °BX)X| 3iLSl 7^ ^/SEfe- 71^* 
^«9S?H, 44 X 3(X 2 < X 3)2] Xl3 *€-2.3-»jMH 2] 44* °1*3W Xl3 71* ^*fl ( t 3 > t2)# £fe 
Xl3 * 3J£ 71^ Dfl^ofl ^jiS] PcflAS 714* ^<84tt * %2\S.*\, cfl* ^S* ^u^Kr 3* 

43 O.S *4. lH-aH, ^£ft 44 °1* Jl*S. 3^2] A]3. Cfg. * 7jj£ 71^- oflXlXl ^Jifij 71^. 7))^^. 
=r s 3ft T 1 5U4. Eft, °1 4 4*11- *X|«M -g-^ *!/Hir 44* 7144-2, S/£E^, *# ^/5E^ 44* XH 



£ft, £ l^ 0 )) 4# 2 4^ tfl* 44 X 12] Till ^^.S-f-Elal 44^ o}£t}d\ Till H 71* ^(tl)* 

4fe Xll 4 3iL 7|4 X1XH ^^.o] ^ 71^-* ^«J44 44 X 2(X 1 < X 2)21 7112 *^S^°1 

44* °1**H XI 2 SLJL 71* ^(t2 £ tl)l 4fe »| 2 * ^SL 714 oflsflo)) ^ * /S c fe ^s.^ -sj^ 

44 X 3(X 2 < X 3)21 7)13 *ft ^.S-f-E-lfil 44* ©l-g-SM 7)13 7|* 4X|(t3 > t2)» ?fe X|3 * 3iL 7) 
4 °1)XN 3SL21 XI -fl ^/SEfe 71^* 4 8 J4fe *«j<3 4*1* ^Al, Aj.7) tflf- ^lssl- Aj. 7 ) 

^2:21*^ <gA>^^6|| Ufl^l* ^2) ^Cfl£ Ol^-Ol^ 5)^ ^ ^ ^ }S _ 

^-ft^ tfl* ^71 72<fl Aj-71 7l]l ^O.S^Sl 121 Tfll *^o] <gA>S|fe. ^^-C|) Aj- 

>1 Xll *^2l S)^*# ^Cfl2l S|^*%=* ^fe 5|^*2l 7HM- nl, ^71 2)^ $7) XI 2 *ft 

21 4^" X 221 XI 2 *^°1 °d4slfe- 7J-2-6I] ^sj.^. Aj-7] x|2 *^2l S|^*f^ ajcfle] S|^*^ Sl^^-sl s)^ 
4=r* n2, #7] SW ^2:^1 -^7l XI 3 4^" X 32) XI 3 *^°1 ^-fXl t^4^ ^7l XI 3 * 

#21 5)^*# ^cflSl 4£*$* $>fe 5)^*21 S)^ n 3, ^-71 4^- \ lfil *4H| Sjtfll Aj- 7 ] XU * 71^. 

»1|X|X| Xl^ 713* ^*m±= ClHl lift tfl* ^S2] ^Sl 7fl^* NA1, #71 4# X 221 * 

#X1 2l*H #71 X12 * ^S. 71^. nflX|oll 7flAj 5J/£E^ 7l^* ^*jtRr ClH) «Aft #7) Cfl* 3)S2) i^2l #^ 711 

NA2, #71 4# X 321 #^X| ^^fl #7l XI 3 * 3 Ji 7^ "11X1X1 XI ^ 5J/2^ 7^* ^*Ssl-^ cflX| ^^.s)- 
#71 tfl-i- ^]^el ^^21 #^ 7B^# NA3°14Ji 5S* XI. 
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I nl I > I n2 I 
I nl I > I n3 I 



# ^^Ife #*1X| #7l cfl# #71 »| 1 # 7}^ oflXlXl %M-2] XH ^<8<5)-7l fl*H # 

71 X|?^ NAlXIXM 4<g-§- AV 7 ) ^ #^o) nial . 5)^^ Aj- 7) # ^ 7] s nfl*,}^ 

7m<S#Xl 3#t =r Sfl-S.^, #7l XI 2 * ^Ji 7|S- nflXlX) ^ ^8j^7l fl*H #7] 711^ 

NA2iflXH °<f3L$ 4«* S^^E* #71 XI 2 *^sl n 2*V Sl^tf* #7) XI 2 # 3iL 71^- XlX|2l ^SL 7m<g#Xl 
3 *tf <r 5tU, #7) X13 # $SL 7]3. aJXjXI X|4 7|S^. ^SjS}7l 91 «W #7l 7fl^ NA3 XWH 

S'tfSfE* #71 X13 #^2} n 3*V S)*3#-§- #7l XI 3 # ^J4 7m a|X|s) ^M. 7m<3#Xl ^ 



o) cfl# s^Xl nf^ifl, XI 1 # 7^ XI XI HI*] XI 3 # 71^- oflxisl 71^ 3! xHXl ^1-8-slfe #^2} X- 
#71 .^Al?l£S. g)^ i7>el $g 3 3 XI 1 # =giL 7^ X)X1 XI*) X]3 # ^M. 7^ 

aflxial 7)4* xHXl a\^s\^ t\ #4^1 CflSH ^ ^ 3}^ A** =r 5U<X. 6 >^;- °1 3^ ^22] 
X| 2)*f| XI l iLJ: 7m f-XI iflX xi 3 Mi 7lt f-xiS> 27fl2} ^3. i£jr 7m f-x|s] *HX1 *Hj£] 
T-'StX^I- H^H] J2.S, XI 1 # ^M. 7^ d||X1 vfl*l XI 3 # 3li 71^. D flX| £.^f-X) %Si.s) 7]* Sfe Xl^-gr "tfJLs} 
711 ^r*!!- t 5 - &"X. £th S)^ -7-2^1 #-g-Xl 21X1 4#°1 -MS cl-i- zj-zj-sj %^o_s,^-B\9] #^0] tfl-g. ^ 2 ofl <yA> 
3<S 7115.21 g-#Xl ^ "g^sHr ^^^^7V i^S] Xll # ^ £L 7is. o)|X| vfl^l X13 # ^S. 7^ D W 2. 
^Xl ^a.21 7^ 2^ XW-& «*i«l-XI ^<81- ^ 5a4. 



«:^X1 ahE #^ 4i7fe #^ tfl# ^Xl 0)^.5)^. S)^ ^ ^^^1, #7l S)^ ^71- <y 

#21 4#oi ^o^^i^ ##0.^ ^sfsi^ 3-fxi ^-^^^71- jiJg ^ ^fl-sife ^^^^V ^.#1- 5} 

S)^ #^ 27Ha^ ^-71 2)^ 7-271- X-# \ B, #71 Sll =f-BL nlX]^ aj^Sf-Sl^ ^-aHI cf^- a] .2. d>^ a1 
?lfe5J°l 

380nm < X 1 < 420nm 
630nm < \ 2 < 670nm 
760nm < X 3 < 800nm 
340nm < X B < 440nm 

I nl I = 2 

I n2 I =1 

I n3 I =1 
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350nm < KB < 420nm 

##€ 3^ W i*MHfe #71 5)^ 4# X B, #71 lift ^2 nH*l 3333^ f*H 4& ±)-§- 

°J^l7l^ 5Jo| 4*WV4. 

380nm <\1< 420nm 

630nm < \ 2 < 670nm 

760nm < \ 3 < 800nm 

400nm < \ B < 430nm 

I nl I =6 

I n2 I =4 

I n3 I =3 

°1 3-§- 4* °>#Ai?i^ 5i o| 4^-aisn^. 

405nm < X B < 425nm 

5E#, S)^ #«|- ^HH #71 S\£ <?f2l a)>44* 5>^r S°l 44. 

4# X B, #71 ^aj^-S]^ #7l S)^ ^as) #7l ^3] £^2] 4 fl*)# t 

<!>„=• nl- (b 2 - h 2 +b 4 - h 4 +b 6 - h 6 + • • ■ ) 

o|l elgfl ^SlSl^ %3.7.Y V^rSL H-Ej-tflfe ^^o]l {o^HH, h ^ fc°l(mm), b 2 , b 4 , b 6 , • • • 

^ 2*h 4*h 6*h • • • 21 #3.4 ^(J^ifl 7fl^ej-J2E frJ-cq-)o]cJ. } 

PD = S (-2- nl- b 2 ) 

o)l $n ^SlSlfe 5]^ ^ai^Sj 4$|( mm -> )7> 4* 44 ^o] 43.3)44 

0.5 x 10 2 < PD < 5.0 x 10 2 

St!-. #71 s)^ ^#0)1 *g#4rr 5Jo) 44344. #4 0]^-^^o|] *g#4fe- jjo] 443 

ot4. 

a*. #71 s)^ 4t4fe #4^3 TflS-S. 5Jo| 44*144. 

#*€ cfll- €soii &<>H, #71 #4 i^fe #7l ^a*g ^afi). oj^ls E^? 0 t ^sife ?H 43-44 

=K <>1 fl-f <H| #71 $g #4 ^4^ #71 ^1S^ 44 OJ^JI A^s} f-^^1^-1- 7 f44 #71 44^1 ggu]? 

71- #&SM #7) 5)^ #4 4:44 #71 «27> «J*|S|*4fe- ?H "Wo^. 

£4, #71 cH# «afi) ## 7fl^ NA1, NA2tt, 

NA1 > NA2 



- 16 - 



^7fls-5] a- 2003 - 0030926 



#7l 31^2) #7l #■% 7fl^=^ NA2£-¥-Ei NAl°i) cfl-g-SKr <3<S)-§- -8-71 4# X 231 #^°1 #7l ^12 

* 71^ i**|Sj 71^-8-^1 £^s)fe f-AH) av 7 ] 221 a o V 7 ] aV^ 7 ))^^ NAU-H^H ^"71 
7)12 # $2. 71^- Dfl^s] ^ji 7l^^o|lAis] 4-3 ^t\7\ 0.07 X 2&4 3. ^-Eflo] 3)0) H^a) s)-c), 

v Htb, -8-71 4# X 22] #^r°l Aj 7 | n^*c NAlMHM $7) ^2 * 7]^ °1)*112] ^ ji 71^^^-0)1^^ 4,3 
<r*V7> 0.20 X 2iL4 € #El)°] 3°1 H^ai^-tj., 

-8-71 cflf - ^2) ^ 7iw NA1> NA2> NA3 ^. ( 
NAl > NA2 > NA3 
f°J^l?lr^l°l), 

^7) cfll- i$*2) AV71 #^ 711^ NA3S^ NAH1 tfl-g-SHr <g<2j-§- f-^fe #7l 4# K 32) %4?o] #7] X(3 

* 71^ n|*|Sj ^ li 7l*«tf*M S^fe fAjoU AV71 4# X 32) ##<>1 $7} ^ 7fl^ NAl^H^M #7l 

*)13 * ^ Ji 7i^. 0 (|^2] 71-a ^Ji-a^l^sl 4^T^7l- 0.07 X 3S-4 €■ #Efl°] 5Jo| u^^sl-uf. 

2th #71 4$ A 321 #<^°1 -87] Tl-T 1 ^ NA1»4H>H #71 »13 * ^SL 71^- of|*|s| 7l^-4H^SJ ^ 

<r*l-7> 0.20 A 3£L4 €• #3)°! 3°1 4SM*I-4. 

SE*>, #71 xfl# s^fe, 
NAl > NA2 
l-^^l^lfef-AH, 

#7l tfli- saaai Aj.71 aj-^. 7 fl^ NA2SJM1 NA2°fl tfl^aj-fe- aj-7] S}^ #4 ^l-s) <s^<4| °d4£)^ $7} 4# X 
22) ^-i- Sra«M #7] $S2) #7] ^ 7fl ^ NA2S-?-El NAH cfl-§-SKr #7l S]^ #4 ^4°) <g^6|l 
^A^fe #71 4# X 221 %4f<>] $7] m % $2. 7)^ nfl^Sl ^-I^^M £^34 t <r Xlfe 7fl? 

*)1£ 5fe ^ol 4#*144. 

°1 ^^Hl #71 711^ *fl4 >8"7l Cfll- ^2:21 Aj-7] A^ 7 fl^ NA2S^ NAl°fl Ol-S-Sfe #71 S\^.^± 

71-2) ^^ofl <yAj.s] fe ^ X 121 ^.^g. f-^Al?!^ ^-Aloll AJ 7 ) cj|# ^lS2l ^7l #^ 7fl^ NA2S-f-Ei NAH1 

^-g-S>fe #71 31*1 %n ±7.}S] <$qd\) <QA\S\±: 4# X 22] ^S>fe 4# >!d «]#-§- ^-fe 5Jo) a}^-3)5>4. 

s*v, >87l cfli- ^fe, 

NAl > NA2 > NA3 

S^ai^^-ah, 

^•71 ^12:S1 ^V7l AJS, 7fl ^=- NA3S-?-El NAHl #7l 5)^ #4 ^^ofl ojAfSl^- #7l 4# X 

321 ^-#-§- a^SH #71 cflf- ^221 Aj.7) a o v^ 7fl ^ NA3S-¥-El NAH cfl-g-5}fe #7l %n ±7\9] <^^oil 

^^51^ Aj-7] 4AJ. X 30) Aj. 7l ^3 % Q A 7] S. D fl^|2) ^ Ji ^S^aJ.^ £^4^1 ^5E^" trfc ?f|^ 

=r^# ?>fe ?H 4^^4. 

°1 ^-f°l) #71 7l|7 #71 cfl# S!}2:21 ^"71 ^ 7))^ NA3S.^ NAH cfl-g-Sl-fe ^j-71 2]^ ^ ± 

71-2] <^^oll ojAl-H]^ 4# X 12) #4-§- ^2f^l7lfe f-A)6]) #7] nfl-g. ^ 2 ol ^7) 7 fl^ N A3^E-1 N A1°H 

^Z}^ #71 %n ^7>S) <g^ofl <yAfs)^ 4^ x 32) AV^S>fe 4^- AjaiA^ 5>i=, ^o) 4^-a)s)-4. 



- 17 - 



^7fl-S-*l ^-2003 - 0030926 



A oM 7fl? -s-71 m %n ±.$<n #tl<3#o|| s|-# AiBfl m91 $o] «HH^4. 

SE*. -8?] §^ 3}2Mr sl-q-sl a^Sls ^^fe- 4lMs}<}. 

SE*V, -87] ^!2:2f #71 fi|3 tfflj- ^7>1- ^ Cfl# ^TflSl #7] 4# \ l4M*l £3 TjBj* f 1 (m 

m), -87] ^^2] f># d(mm), #7l cflf- ^ofl <Qa\^ # 7 J 4# \ {5] %4?9) x]-§~g- $ l( mm ), 

^871 *fi3 # 7)S- D j)*l|o|l 7)]^ 71^ ^sJsHfr 3*°11 #71 tfl# ifflSSl #■§- 7\m fB3(mm) 

S. S-g- nfl , cf-g- # # oHfcAl 7) fe 51 o] «>^a| s>4. 

0.7 < d/fl < 1.5 
2.8 < <5 1 < 5.8 
fB3 > 0.2 

S.% ^71 ^3 % %H 7]* °W1 ^iLSl 4^ ^/Sfe ^JsHr 7^ #7) Cfll- ^SSl ^#Hfl^ m 3J^L 

£ 3*41 4* ^l* ^Al7l^ 51 o) 4^*1^4. 
m3 < 0 

££«>•, t}£- q% oV^Al?^ 5l°l s>4 

- 0.25 < m3 < - 0.05 

^871 *|]2 # ^ JS. 71^. t^ofl #£2} ^ 7 )a^. ^Sjg)-^ ^ o. ( #71 tflf- iga^ ;g#Hfl-§--g. m2 S. 

$ 3*4) 4* n J^^l?lfe 51 °1 4^*1 §>4. 
m2 < 0 

°i 3*41 4-s- wM*ife 51 °i 

- 0.20 < m2 < - 0.02 

380nm < X 1 < 420nm 
630nm < A. 2 < 670nm 
760nm < K 3 < 800nm 
0.0mm S tl < 0.3mm 
0.5mm < t2 < 0.7mm 
1.0mm < t3 < 1.3mm 
0.99 > NA1 ^ 0.70 
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0.70 > NA2 > 0.55 
0.55 > NA3 > 0.40 



SE*. * 4E SE *# * **l^r *# X 12] Xll ^OLS.^-EjSl *4?-§- ol-§-5><^ JiJt 71* Jf-9fl(t 

1)# £fe Xll * ^ Ji XI XN XH ^sjSH, ** X 2(X 1 < \ 2)2] Xl2 *«^S.-f- 

21 °|-8-sH X|2 Mi 7)* ^l( t 2 > tl)» X|2 * $2. 71-^ X)XH1 ^fi] 7]]^ */£i=. 7l^.# 

^sjtfjl, *# \ 3(\ 2 < X 3)21 Xl3 ^o.S.^21 *^g- ol-g-Sl-o^ X]3 g_jr 7 1* ^7)l(t3 > t2)# £xr 

m * ?m °wi ^jifli xw ?5/se^ 71^-g- ^sjsRr cb# -as* ?«i3Rr s-^o. 

S £*• W, 3*^-21 A^S Cf# # ^li 71^- X|XH ^jifl] Xl^* ^*J* 

^ 5flcf. £*, ol £>oj #Slf. *XI«H # A o 38/5&Sr 7ls.t}ZI, ^/SE^r, -g-Aj ^/SE^r Sl-^-i- afl^l 

£ tf^XI *# 71^- X| ^ tMSS *r 5U*. 



£ ^Xl «rt s *-S cm- flat 4^- \ i°i xll ^^^21 01^.^ >m 71* ^Xl(ti)l- 

3Hr Xll * ^ 7lS nflsflol] %£_9] XI 41 */SEfe 71^* ^SjsM, X 2(X 1 < X 2)21 X|2 *^O.S-¥-El2l 

*^r-§- ol-S-SH Xl2 ^31 71* *M|(t2 > tl)» £fe XI 2 * 7}^ oflXH $£2) xH */SE^ 7]^.# ^Sj-Jl, 
*# X 3(X 2 < X 3) SI Xl3 *€^S.^Elel *^§- °l-g-S><X X|3 JiA 7l* ^l(t3 > t2)» 5fe X|3 * ^J± 7l 

* X1XN ^lifij XH R) /£ c fe 71^* ^*JsHr * «><S **l-g- nH# <ffl2:3., ^-7] % sjoj Aj- 7 | XU 7|^ 
T-11 Ml7l X|3 S3L 71* f-^Sl SH<fl 7l?]gH t'^^SI* iL^5>7l 21 &V 71* ?-9| Sfo] a.^ 7> 
^H. ^ V 7l X 12) ^o)l A>7l XI 1 * 7lS D ||Xlo|] 7fl^ *A3Hr 7l^# X]ofl nfl 

* SSSS; i^2l 7B^-M- NA1, ^"71 Xll * 7)S. n|) Afl oil ^J±Sl XU9 ^/Sfe" 71^* ^Sjsffe ^4-21 aV 
71 cfll- ^21 ^^VhI)^ m is SRr ^o V 7l cH# ^7l *^ X 1, -*7l X|l 7)* ^7)| tl, ^7l $ 

* XI ^ NA1, A j7l mlS) ■S-SJ 3)^71- S]£S. s)^^ $4. ^cf. 



ol tfl# ^ 2 ofl X^, Xll * ^1 71^ uflXHl Oj^-Slfe. 4^-0) 7j.^ ^o)l tflSV ^.^^^ 7 |. 2)4,71- Slfe -g-A] 

°11 3^21 t^g- * QS. 7]* oflXloll ^3i2l 71^ £fe 7)1^,!!^. ^8j^ nflofl 2j-§-t ^ SUfe cfl# Xl^ 

Aj-71 cHl- ^Sfe ^2:°] 5)o] 4**131-11, SE* #7] till- s}*2l ^2^03. 5J0I 4*2l3j. 

*. 

°1 ^-foD -*7l C)l# ^221 Aj-7] 4^. X 1X|^21 2:^ 7lE)» fl( mm ), f-^ d(mm)> #7] cfl-g- ^ 2 o1| 

sl^ #71 ** X 121 *^2] 7]^ $ l( mm ), ^-71 XI 3 * 7)%t D flXl^l ^JftS] XH ^/Sfe 71^-1: 
*7l X)# «aaj *§ 71 el* fB3(mm)^S SMr XI, *-g-^l# *^l?lfe S°l **2l*V*. 

0.7 < d/fl < 1.5 

2.8 < <D 1 < 5.8 

fB3 > 0.2 

SE* -8-71 Xl# «2S) Aj-a 7fl^ NA1> NA2 fe ( 

NA1 > NA2 

»*#*l7lfe^H, 
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#7] 312.0) #7l #^ 7fl^ NA2-£.-¥-&1 NAHl tH-g^fe <^°11 ^4^^ #7l 4#\ 22I *K1:SH 
#7l cfl# 3122) #71 ## 7fl^ NA2S^ NAH cfl-i-^fe <3*H ^43^ #71 4# X 2^1 #^o| # 7 1 7)12 

% 3iL 7]» nfl^l^ ^ 71^0^*] £.£5)7) 7fl^ 7fl*V ^#-§T ^ ^1 «>|M*H* 

5E#, #71 7fl^ #71 tfl# 315:21 #71 #41? 7fl^ NA2^B^ NAHl iWHfr <Jj «H <M=)fe 4# 

X 121 "f 34-^1 71^ -i-AHl #71 CHI- ^1521 #71 #^ 7fl^ NA2^B] N A1°)1 nfl-g-S>^ oj^o)) ojA)-^ S}- 

# X 22) #4*r§- *1-^ ^# *!«!#-§; 2fe 3°) 
5E*h #71 cfl# 3122) #^ NA1, NA2, NA3£, 
NA1 > NA2 > NA3 

#71 nfl# 312-21 #7) ## 7fl^p-^ NA3S.-9-E1 NAH1 cfl-g-S}^ <^^ofl <>)A}5q^ # 7 | 4# \ 32I #^-§- S^sH 

#71 nfl# 312.2) #71 ## NA3S-¥-E-1 NAH1 tfl-g-S)-^ <^«o)l ^s)^ # 7 | 4^. x 30} *J 7 ] ^3 

# ^SL 71^. nfl^o) 7^ 7|S.^^7.l J^Sj*) g|. fe 7]]^ ^3. o] «]-#2)5)-l}. 

SE$, #71 7))^ »1£ #71 Cflf- 312:21 #7) ## 7))?^ NA3S^ NAH1 cfl-g-S}fe <£<*o)) <g 4# 

X 121 -f 2}-Al7l^ ^-AHl #71 nfl-§- 31221 #71 ## 7))^ NA3S^ NAl«fl ^l^V^ <3^°)) °^}^ 4 

# \ 321 #^-§- xmsRr 4# ^d«l## ?H 4^3 s^. 

#71 7fl^ 7fl*V #71 Cfll- 31221 #^#oll <g^ 4# AjBjj ^o] 5,0! y^s)-!}. 

##« til* 312^ #a}^^ 7fls.s. ^#sl7iq- -°-e! 7fls.s. ^#sl^ 3°1 «V^5>cl-. 
£E#. ##?! ^H* 312^ ^.g. nJ-^Ai?)^ 51 01 w^si-th 

380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < X 3 < 800nm 
0.0mm ^ tl < 0.3mm 
0.5mm < t2 < 0.7mm 
1.0mm < t3 < 1.3mm 
0.99 > NA1 S: 0.70 
0.70 > NA2 2: 0.55 
0.55 > NA3 > 0.40 



£ SE <}# # #*lfe 4#X 1^1 *lll ^^S-^al o|^-5H ^fl 1 M 7l# ^^(t 

1)» $t: 41 # 7]* ofl^l°11 ^^.21 7])^ ^s^s].^, 4#\ 2(\ 1 < X 2)2) 7)12 #^o.S.^- 

E^el ol^-g}^ 7)12 Jii 71^- ^^1 ( t 2 > tl)« Sfe ^12 ^ 33. 71^. afl^ofl ^^2) 7^^ 71^1- 
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4*34:4 44 X 3(X 3 < X 2)2] XI 3 *«o.S-¥-E]sl o|.g.*H x|3 £jr 7 |£ Jf4|(t3 > t2)# 44 

XI 3 * 3a 71^- uflsfloll 3143] XI ^ ^/SE^r 7im§- 4*34tt * ^ <S 4*1-4 4=^4 ^Sf 4«)44 
3 44. S-S] »]1 # 3a 7)3- nflSljot) o>^£]7fl 3a2) 7m *J/ £ fe ^-§- ^qjg ^ ojt} 5£*V, o) % 

4*1* >84I*H ^ ^/£4 444 7]as}ji, -g.# S^t-o] X|4 7f^£S. £ ^tgo)] oj-S 



£4, «■ 4^X1 nj* 44 4i4fe 44 X is] XU >H 1 o|^H Xll as: 7)4 f4)(tl)-t 4 

Xll * 3a ?14 X1XH 3a2] XH ^/fEfe- 7l^# 4*344 44 x 2 (X 1 < \ 2)2] X)2 %Q<L*m-l\2] 4 
2 444 ol-g-SH Xl2 Jii 71* ^*((t2 > tl)4 44 Xl2 * 3a 7}^ XIXW 3 ,43] ^ Ri /ffi - 7] s.^ ^sjgj. 
3, 4* X 3(X 2 < X 3)2] Xl3 XI 3 44-1: ol-g-sH Xl3 Jii 71* f-^( t 3 > t2)« 4tr Xl3 4 

3a 71^- X1X1X1 3a2] XH Sl/SEtr 7^1- 4*344 SE4 47) Xll 4 314 7}^ 44 tqx| $7} 43 4 3a 7]^ 
444 tfl* $0.2] 4*8 S/£4 7l^cfl *%*n cfli- ^lai- oi-g-si-^ 4 3\c$ ^ ± ^ # 7] ^ i-^j-o] 
<34 44(K®)4 44 e^s-f-El 444 <S=«H 44<fliiL X| 1 4^ <§^ ( xi 2 44 ^4 Xl3 44 $34 &^2] 

371)21 ^ 6.S 444^r 34X1 4?1 21- 44 ojA>S|fe. 4^o) -f 45)-^ 4^ %q ^(.oj <g<*.g. 44 

e^As.^ si## «4 xi 1 w °§^, 42 %n 43 %n °§<%sls. s# m, #7i xu w <s 

^°fl ^l^fe ^71 XI 1 Ml^l ^113 %^ -S-71 XI 1 tfl^l X13 * ^ Ji 7m nflxiel zj- ^ji 71*13^ 'Jfift 4 
^^Sl-E^- ^^-Slal, ^-71 X12 *«|- ^^=11 °d^l-£lfe ^>7l XU ^ XI 2 ^4 av 7 ) xll « XI 2 * 3 

sL^s-XIXlfilz^iL 7l^^X| ^^S)nl, ^V 7 ] xl2 «8^<>1| "Msqfe ^7) X13 

#7} 43 % %H 7]^ X)X|2] 7^ 7 ls^Aj.oH oj:^ sj.^^. aj. 7 ) xi3 %n <$^4 <Q*W 

^"71 Xll -8-71 Xll * 71^- nfl^o] 7|a^^ofl 2)-^ ^^S>£^ ^^"=1^, A o V 7l X|3 ; ^ 

^ <^^°)1 <gA).5l^ #71 X12 51 XI 3 ^71 X12 ^ 3 % 3«£ 7^ nflXlsl 2J- ^SL 7l^^X| 4^ 

* Qjrfe 74^- a^j o S $4. 



°1 i^Hl ^=-'3, 371121 ^ ^fe 3*fl-«l >Hs 4* * ^8 a. 7m d|xixi ^a.a) 7m ^/^^ 7 fl^^ 



SE^, *^X1 4^ SE 4# *«!■ 4i7fe 4^ \ 121 Xll #«o.SJjLElS] xll %4=~i; o]^ xll 7}# ^( 
tl)* Xll ^ ^a. 7m dDXIXI ^^.21 7fl>8 ^/S£^ 7lf|- 4^ A. 2(X 1 < X 2)2] 42 &&±3. 

•¥•£•121 X12 %^"§r ol-g-SI-^ X12 a^ 714 f-^(t2 tl)S £xr Xl2 * 7m D HXH ^M.2) Xl^ 7m 

* ^*JSf Jl, 4^ X 3(\ 2 < X 3)2] X13 #€^-.£.-¥-&|2l XI 3 Xl3 5L£ 714 f-M|(t3 S t 2)f- £ 

X13 * ?m "11X1X1 3sL2i 7 m xH-g- ^*StH, se?l> ^-71 xii * 7m »1IX| M14 ^71 xi3 * 

7m xi xn ^ ^a.2i xi ^ ^/se^ 7m°ii ^2] tfli- ^i^i- omsj.^. # ^1^. ^ #7i 4- 
^ ^7>si «a4 -§-£-§- ^ e^s^-E-i 21^ <8=^ ^ois xu ^ <g^, xi 2 xi3 ^ ^^21 

^21 37flSl ^ <S^^S. g-^SHr ^-fofl ^-71 Zl- ^ <3«o|] ^jAfsl^. ^o] # 7 ] jg-flj. ^j-21 <g^^ 

44 ^ eu-o-s.^ si^ ^cfls xii %n qq, 42 %n 43 #4 <g«o.s ^ nfl> av 7] ^. 
4 ^^xi <a4sm ^71 xu Mi7| xi3 44 ^-7i xu Mi4 xi3 * ^14 7m ixi2i 4 ^a 7m^^i 

* 4fc* ^ A J4£^ =9^4j2, #71 XI 2 ^-4 «8^X| "944^ 4 v 7l xll 55 Xl2 44 -SM XU S XI 2 
4 ^a 7m XI XI a] 4 ^M. 7m^#o)i 4^ ^^4^4 ^44°!, 42 44 ^^Xl °J44fe $7) 4 
3 44-a- 44sl<>l 471 XI 3 4 3iL ^14 X1X12] ^a. ?m^xi £t4^1 ^a, se4 47l Xl3 44 "S^Xl «a44fe 
471 XI 1 44* 471 XI 1 4 ^a ?m XIXI21 314 ?m^#xi 4^4 44# ^ A d4£4 343*1, -4M Xl3 44 
<g^6fl °}a\s]±; $7) xl2 44-S- 47l x]2 4 ^a ?m -XI XI 4 3a 7mi3.4Xl 4^4 441- ^44^1 »fe 4^1X1 
471 XI 3 44 <3"3X1 «g44fe 471 Xl3 44* 444<X 4X X13 4 ^a 7m 44^ 3a 7m44Xl £4sl7) # 

^# 43^-5. 44. 



°1 44 ^4<X 4^-4, 371121 ^ <^^^- 3^fl-si q-g. 4 # a 7m n|x|xl ^Jt4 7m Xl^# 
^*J4fe 4 4XX1 2144 4 5Ufe 44 ^4* X144 4 44. 
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444 44 £44 44 42 9? 43 44 444 o g434 -8-71 ^3 444 4444 -8-71 43 4 3£ 44 D fl^| o) 
4£ 44444 £444 t *r aUr 4<*r 44 444 44 4 4<S 444 4434 34 44444. 

4 444 44 44 44 444 44 44 ^44 44444 tg^£ 43. b} E :|o] ^o) 44444. 



£4. 4 4^4 a 4-E 44 44 X 13 4l 44-2JM L 43 ^ii #^.g. o|^h 41 2.2- 44 44 ( 
tl)» 44 41 4 4iL 71^- afl*H ^ *!/£E4 7l^-# 4*344, 44 X 2(X 1 < X 2)3 42 44°..=L 

443 444 4444 42 M 44 44(t2 > tl)4 4fe 42 4 4iL 41=- o^oi) jgjta] ^ ^/B&fe 4^ 
-I- 4*34:2, 44 X 3(X 2 < X 3)3 43 44-5-S-443 43 444 4444 43 i££ 44 44(t3 > t2)4 £ 
4 43 4 4.5L 44 ofl^ilo)} 34 7 |a^. ^sj-ji, E ev ^ # ^ 7 |s. D fl^i xfl^i a o v 7 | ^3 # 

4iL 4^- 00*1)0)) c|]ev ^^o) ^xg ^so)) ^m.o) tf\% ^af. 444fe # ^.g. ^ ^ 7) # 

4 ^43 44 -B4^-£-43 £)4-§- ^Sfl £443. ^1 ^ Oj^ f *]] 2 CgO^ oJ«2| 

^3 34^ 44 o|« 0. S 4444 344 44 4 <g^efl Oj45)H #^o) 44 44 ^43 444 

44 44 ^4-2-£-44 344 44 444s 41 44 44, 42 44 44, 43 44 44 o.s $-§■ 4, 44 4i 4 
4 444 °d434 44 41 ^)3 #^^. 42). ^v 7 ) m ^] ^) 3 ^. 7) s. D) |^o) ^ 7 ]^^a o vo)| 

?> ^^5}£^- ^}#s)Ji, ^71 42 <S^4 °^\^ 41 ^ 42 44 A J-7| 41 S 42 
% 7|^ 443 4 71^^-4 <y=^^ 2)->ai- ^#3°i, -*7l 42 #4 ^4 <a43fe ^7l 4 

3 4^34 -0-4 43 # 71^. oflsflo) 7)s^o)) E^sq*! ^n, £*v ^- 7 | 43 #4 <S^4 °J43fe- 

^71 41 3Hp£- ^7| 41 # ^JSi 7]^. nfl^o] ^ a 7)^^^ol) ofj-sl ^A^g). £ S ^^-S)^, A> 7 ) ^) 3 ^ 

<^«o)l <>]A>s)fe >y-7l 42 ^ 43 #^f^ 4#=H 44 A o v 7l 42 ^ 43 % %SL 44 443 44^ 
44 E^34 affe 53* 44. 



4 44 4:7H 4^.^, 34 3 44 4fe 3443 4s 4^ 4 =8 a. 4* 444 ^£L3 44 ^/££4 4^4 
4«I4^ 4 4<g 444 ^44 4 5U4 44 ^7># 4-^4 4 &4. 

444 44 44 42 ^ 43 44 <S^4 °d4^3fe 44 43 444 4444 44 43 4 %H 44 443 
^1 7)^°)l £434 &£4 4fe 444 44 43 44 ^44 0 d43Tr 44 42 444 4444 44 42 4 3 
ji 7|f 443 ^ a. 4^44 £434 4^4 4 4 44 44 44 444 44 4 43 444 °143fe 44 44 
444. 

4 344 44 44 44 444 44 44 ^43 44444 ^44 44 44 444 44 44444. 

£4, 44 44 ^4fe 44 44 31^4 44 44444. 

S4, 44 44 4i7).fe 44 44 4^3 44 34-4^4 443fe 44 44444. 

£4, 44 44 £4fe 44 44 4^4 ^4^. 443^ 4°1 44344. 



£4, 44 41 444 4444 44 4l 4 %H 44 444 4^-3 44 4^-4 4*J4 44 44 tn* <gj 

^3 4i^3 44 4444 NAl, 44 42 444 4444 44 42 4 34 44 444 4^.3 4^5 ^/£tt 7|f 
4 4*34 43 44 44 ^1^3 ^43 44 4444 NA2 (NA2 < NAl), 44 43 444 4444 44 43 
4 4H 44 444 4^3 44 ^/ffife 4^4 444 43 44 44 4^3 ^43 44 4444 NA344a 4 
4, 44 44 44444 44 44444. 



NA2 = N2- SING 2 
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NA3 = N3- SING 3 

SING 2 : #7l *(|2 #7) *t]2 #«1- <8«ls) ^T^-fr cfl# <$2: o^tHs] #^.g- 

7l§o.S #a>z]- e 2(deg)2l 331*1 2} ^fl(iEK) 

SING 3 : #7l ^13 #^f- #7] ^1 <g«2l aj^^ f-^sRr ##2j #7l cfll- ^ 2|^<a^S-¥-E^ 
7|flS. ^^tb e 3(deg)2] ^tfl^lsl 

N2 : #7l cH# ifflsel ## ^7>2] #71 4# X 2°IH2] ^-^^ 

N3 : #71 cfl# ?lsel #^ -^?J-el #7) s)-# \ 3°1H^ 

°1 3-f<fl *]\ vfl^l A2> %n «S^* 3<H=. *Kfai #4]- <ge|e||£. S^$a] ii^o] ^-cJls °l-?-<H*! 33 
7>^Slfe $°) 

^71 % #3 <^«o)l AV 7] g)^ ^ £ o)l #71 XI l #^ol ojAl-Sl^ 7^^o)l tHl^fe #7l J* 1 #4^ S)3 

W ^Eflfil 2l^#^# 5)^#2l S]3 Sf^f- nil, #71 Xli #4f <geW #7] 3)^ ^all Aj.7} ^ #4- 

°1 ^43^ 3*°t) lM!SHr #7] ^12 #4^ Sj3#^ 3)cllo) s)^^^ 5fe Sl##2l 2|3 ^f- ni2^S 
1, 4# ^-§r n J^l7l^ 3°1 sfq-. 

I nil I > I nl2 I ife 1 £fe 2 £tt 3) 

°1 #71 afll #«t <8<JH -*7l £)3 -?2:0|| #71 *\}\ #4-0] ojAl-Slfe ^^-ofl ^5>^. #7l *\] 1 #4-3] 

SN^I 5)^#^* 5fe 2|^#2l 2]3 nil, #71 Xh #3 <S«6|1 # 7 J 3)^ # 7 | ^3 

##ol °)Afs}^ ^^°tl tHI^Hr #71 X12 #^f2l ^^#^ 2|cflel S]^#^* £fe S)^#^l 33 *Hr« ni3o]^JI 
I nil I > I ni3 I OS, Icl2c2 3) 



#71 X12 3> ^13 #3 ■S^^lfe 44 -S-a^^4 -^dls olf-ol^l S)^ ^- 2 7V ^E]j7 ( #71 ^12 #«)- 

'S^^ -8-71 Sl^ ^ofl #7l Xll #^o] ojAfs)^- ^ -foil *^*l"Tr #71 Xl 1 #4^ s)^#^ ^rfls) s]^# 

Sfe 2)^^21 2l^ *Hr» n21, #71 ^13 #4 ^^H #7l S]^ ^2:^11 #7l Xll ##ol <aA>5lfe. ^if- 

°)1 lHi*Kr #7] Xll #^21 5l^#^ 2l^#^ 4^ Sl^#fil 313 ^1- n 31°14a "11, ^ 4# 

^^l7lfe-^ol 4^*>4. 



I n31 I > I n21 I 

°1 ^-f°fl #71 X12 #4 <g<iH #71 S13 ^-2^- #71 5]^ *1-^ n 21Sl- 4# X B2°IH # 

71 m #4 <S^oil «g#€ #71 3*1 T-Sfe #71 S)3 ^ n3isl- 4# X B3«^M1 33Sl-5l°l ^1- -?>^171^ 
^°1 hHHSI- 1 }. 

\ B2 * X B3 

s?_K 3)3 #^ 4# -lhWItt ^°1 4^5>4. 

380nm < K 1 < 420nm 
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630nm < X 2 < 670nm 
760nm < X 3 < 800nm 



5E$, £ 4# £E 4# # 4<?] #4fe 4^ X l4 4l #^0.^44 ^ #^.g. oj-g-s^ ^jr 7 1* f- 

4(tl)-f 5Hr 41 *^*4 ofl^flofl */5£ fe 7 m* ^*J44, 4 ; #X 2(X 1 < X2)4 42 

-£.-¥"421 42 4"^r* 4*44 42 JUL 4* ^4( t2 > tl)# £fe 42 * ^ J4 71 s- afl^flofl ^jisl 4$ 
71^-i- =r*35fJ2, 4#X 3(X 2 < X 3)3] 43 ft^SLS.^ 2] 43 #^* 4*4"4 43 Ji* 4* ^4(t3 > 
t2)# $>tt 43 * ^ Ji 71^ 444 ^J4Sl 4'3 ^/SEfe- ?m* -^fl^jl, S$ #4 41 * 33. 7) ^ afl^| gj^j # 

71 43 * ^J4 71-5=. ofl^oU d)d> ^143] 7fl A|J Rl /£Efe 7 jsofl ^-Jo] ^ o. ol-g-SVfe # 5]<g #*]j= , o] 

- 444 #4 i^l- ^«l8Kr 53* 4-^°~sL t>4. S£$, 4 % #4* f}-444 *^ ^/Sfe 4^* 7|^§}H, 



£ 1^4 iW #4*9 #4fe 4#x 14 41 iML&fi+ejal %4r£ 4-8-44-41 71* f-4(ti)-I- 4^ 41 
* 7m 444 3iL4 4^ 3J/£rr 4m§- 4# X 2(X l < X 2)21 42 #*L2.£-¥-e) 4 #<*r* 4 

*44 42 J4j£ 71* ^4(t2 > tl)» 5fe 42 % $'*4 7) d1|44 ^^.fil >H^3 ^/5£^ 7m* ^flS|-:n, 4# X 
3(X 2 < X 3)21 43 #€-^.£.-^21 ##* 4*44 43 *43l 7l* ^^(t3 ^ t2)» 43 * $Ji 7)^ a|*|| 
4 ^^-21 4^ ^/c&fe 4m§- 3-33 # 7) %%c$ jUxqqs. 7 m 44 44 #4 

43 * 314 7m 444 4$ 3:544 44 7^4 -g-f-4 4s» 4*4n, #4 # 4<S #4fe- #4 4l si 

i 7)* ^4 tfl*j ^)]3 lii 7]* JjL*||S] S |.o|oU 7l°]5H T 1 ^^^* S.^5f7l >JJ-7l 4i *« ^4 

43 ^«o.s-¥-El2i zj- sl^ ^-f si ^-s^4 71* ^4 *Y°] 9.% 'r** £fe4, A o v 7l 7l* 

^4 *H £.3 ^r*^ •g-a j a^2i ^s] ^cfls °l-f-4*l 2)^ t'SI- Sl^ W ±z}3-, #7] 31%. ^24 ^4 

41 *«^£-¥-ElSl *^X 121 41 ##01 OJA^^ ^^.o)) ^S*fe A o V 7l 41 t#2] 2)^*# ^42) S| 

^ 51^^-21 sf«^S nl, ^7} 2\*4 ^aofl 42 ^o.S^2l x 221 42 <a*W& ^-f 4 # 

^*Hr ^4 42 ^2) s)^^-f> 3421 3 Sfe si^^-21 s)^ n2> ^4 S)^ ^24 #4 43 

^.S.^-E-121 \ 32) 43 <aA>5l^. ;g.2.0l] t^SV^ 43 %#2) S\*£%& 444 5|^^# 

^"21 4=r# n3^Jl 4, 



I nl I > I n2 I 
I nl I > I n3 I 



* *^44fe f-44 ^4 *^ x 14 ^4 214 #71 41 # ^a. 7m 444 4^3 7m* <^<8sHr 44 

#4 41- ^21 ^4 711^^1- nai, #4 *#x 24 #^4 44 #4 42 # 7m 444 4 
$ 9J/5Ett 7m* *r*$Z}Tr 44 «JEL« ^ v 7] 4# 312:4 ## 4^1- NA2, #4 *# x 34 ^4 44 

#4 43 % 7m 444 4^1 ?m* ^*m^= 44 liL* ^4 4# 4^1- NA 

344-n 4, ^4 4# ®^ #4 4l * ^ J± 7m 444 ^^4 4^3 ?mt ^r^tM 4*>4 ^4 

4^ NA1444 ^itb 4^* ^^s>£^ #4 4l ^4 nl4 4^^* ^4 4l % 7m 444 %H 4 
^#4 ^l#t =r *7l 42 # ^24 7m 444 ^ii4 4^ ^/SE^ 7m* ^344 444 #4 4^ n 
A2444 «Jfi« 4^* ^^4£^ #4 42 #^4 n24 4^^* #4 42 # ?m 442] ^ a. 7m^#o]i 
^J^t ^ Sl^-4, ^4 43 # ^a. 7m 444 ^-S-4 4^ */se^ 7 m* ^r s 344 444 #4 4^ NA344 
4 °<fJt$ 4^* ^^4^4- -£4 43 #^4 n34 4^^-* #4 43 # 4^. uj^o] 4^-a#4 ^J4t 
^ 5Ufe 4* ^-^^s. *V4. 
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o] % 7)11 afl3 ^J^M^el SL^ %4?o] ^t}^ -£-f-°l %5Ld\] Hfl^ 71^- ^*fl ^o) 

3^ *^ sq^fl ^11 iLJi 71^- ^l.SL-f Ei 43 &S. 7)% 27fl2l ^3. li 7l 

# ^Tflo) ^0)ofl SlSfl ^Slfe T^*}?} SL^S-Sl, 7)11 # ^il 71^. DflSHs^ 7)]3 # ^ J± 71^. oflafl fi^oil 
^^.21 71^- £ ^ ^-j- ^Jr^ ^ S J t ^ ojc^ 



^elH", fl-^°l ^S. C}# 3^21 % nliH°ll tflSW ^S|El^ % ^<3 Al^Ejoll^ S^o] Aj£ 37fl2l ^o) 

3 ol -°-j= 01§>21 Af%V-§- 1- ^ 0^4. ^sfl, ^^o)|A^ 2 # Cl^32l TjiL 71 S# /).olol f>##2] 

U7l DVD-8- f«A£ DVD 21 2* qiHf ^ fM. CD - R°H- C 

D-RW^^fe- $Ji 7)^21 s.^.g. oj^ol *j £2} Sl-71 nfl^-oll DVD-8- 2fl°|*i #31 

^-Sfe CD7f-g:Cll CD-R«1M-CD-RW» Sj-§- =r 4^1, t*3°1 *i-§L 4# 3^21 # cl^^l tfl*H 

# ^"3 400nm -¥-^2) *o]7]fr& ^Ajjg).^ ^t+aJ) eM*!^. 650nm *f-^2) efl°l7l#-g- iM^Rr 

%q t^o]x]S^ t 780nm ^2} sfl o] 7.-1 #-§■ 32} Eflol^s]. zj-o| a^o] aj s 4# 3 7fl2l %Q£ ^flt 

7f5i4. 



°i°n. £ 4^ # ^ c 8 #*HH*r m % ^ a. 71^ nfl^i tfl*i ^ 3 ^- ^ 7m n^ia) 7 m ^ 

^ ^21 S)^ SK*7> ^71 <bl# -L>^Al7l£S. 7 |£ =^ S|.ol Ji^ ^o] ^ 4.^0} -721- ^^SV^4. 

n*aW, *lll # *rfiL 7^ D H^1 ^1^1 ^13 ^ ^a. 7|s. oflsflsl 7|s. ^ ^A^ofl A>-g-sl^ ^ofl tflSJ-o^ zfz^ S) 
^ 3141- ^# t Sttcf. 71* ^^11 *M ^ £7421 2)^ ^q-S-oifl aJ-^-o] X|s 4= zj-zj- 

* 3Ji 71^ n fl^l 41^1 ^113 % &± 7}^ nflSH a^o)] ^jifi) 71^ S ^ of^Sj-Tl) ^Sj^- ^ o^cf. 



300nm < X B < 500nm 

SILK A o v 7l Spi 7-2^ 4^ X B, ^7} ^ niofl^l ^^Sl-slfe *AH cf-g- 4)^- <?V^l7lfe 51 °1 
380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < X 3 < 800nm 
340nm < X B < 440nm 

I nl I = 2 

I n2 I =1 

I n3 I =1 

a*. 4-S- ^1* ^#Al7|^ ^ol «V^5)-cl-. 
350nm < X B < 420nm 
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5E#, #7) S]! 4# X B, #7] S)! ^ n l°IH 332^ ^^0)] c]~g- a)^. n^Al^ o] wj-^^i}. 

380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < \ 3 < 800nm 
400nm < X B < 430nm 

I nl I =6 

I n2 I =4 

I n3 I =3 

405nm < A. B < 425nm 

£t S]! $Aj ^44* £Sr 3°1 S}4. 

SE$, 4^XB, ^71 S|! *H^ n l<*H>H ^^Hei #7l S]! ^22] #7] ^2] -g-Cflo] ^ c^js 
3> b =nl- (b 2 - h 2 +b 4 - h"+b 6 - h 6 + - • • ) 

6)1 2l«(l 5§2lSlfe #S*V %H\sL M-El-iflfe ^^1 {o^H, h ^ %^o_3.!j-nl°) ^ol (mm), b 2 , b 4 , b 6 , • • • A 
A 2*h 4*h 6*h • • • 2] #5.*!- n^r (Sl!^ 741^eJ-JiE. aj-c]-) 0} cfj _ 

PD = 2 (-2- nl- b 2 ) 

°11 2JS11 ^Slfe SI! WLVs] 4^ (mm" 1 )A cf-g- 44. o>2.a1 ? 1^ 5J0I u^Sl-cK 

0.5 x 10 2 < PD < 5.0 x 10 2 

-*7l cfl# xffl^ ^!*§ #7] oi# ^lasi #4- 9JAHIH1 a o v 7 i S)^ #3. ^1-7). upis)^ 

*H ul-^sfcf. 

#7l SI! T^TT ^^cH] ^Sfe ?! 0 1 Wl-^SW. 5E^r, -8-71 SI! Hl^Aj-o,] ^5]^ $0] n}#Q 

-8-71 si! %n #71 #!«§ cfli- ^lsa} <ysfls szflfj ^-i-sl^r 3°1 4^5)-^.. 

SE$ ( #7l SI! ^7fe cj)^ ^SJjl, Aj-71 SI! T 2 -^ A o V 7l Cfll- ifflSS] #4? °JA).S21 # 

#71 #4 7fl^ NA1 NA3£-, 
NA1 > NA2 > NA3 
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$7] 4 4*1 47l Till 44 ^)3 44^^21 4 ^oj f-44£r ^-f 2) 4-S.f'oll «fl*14 NA1 
4 NA24 NA32] 7l)4 *fl4 ^4-§- 5>fe- 3W 44*144. ^7] 7fl4 7114 #7) tfl# 3124 <^^S ? 
f-Slfe 3 ol 44344. 

a*. #71 JUT 1 *H4 t4£ 71* 4°1 il^ ^44 ±.7}S,, # 7 ] cfl# ifflS2] $7} 4# 

Att NA2^4Ej NA1°11 IMr $7] 7fl4 *fl4 ^^fi) °j<*-§- *44fe #7) 44 X 22) 44°1 aJ 7 | ^ # 3 
iL 714 °D*1]2} 71*^44*1 S^Slfe f-AH ^71 44 X 22] 44°1 Aj 7 | Aj& 7 fl^ NAH4H -4M ^2 

4 ^SL 71S. nfl^o] 7l^^oll^2] 44^44 0.07 \ 2£L4 3. aV^o] o| H^Sj-C}. 

£4, A o V 7l 44 A 22) 44°] Aj-7) AJ.^ 7fl ^ NAll-MAi Aj-71 afl 2 * ^J5L 71^ Dfl^o] ^ 7l*«iH4 2] 44 

=r47l- 0.20 X 2«i4 ^ "SNSI 3W 

£4, Aj-71 Cfll" 422] A}7| AJ-A 71)44 NA3 O.S.ifEi N AH tfl-g-Sl-fe- A>7| 7fl4 ^4 443 o|^# f- 44^ 47) 
44 X 321 44°1 a o V 7 ) 74)3 # 7]S c^o] ;g £ 7)^^^1-71 5=44)xr -g-A^l aJ-7) 44 X 32) 44°1 47] aJ 
# 71)44 NAlvfloflA^ aJ 7 ) »|3 3. ^ 7 js aj)^2l ^ji 7)*ti44Wfi| 44 447> 0.07 X 3.M.4 €• ^Eflo) 5)0) 
44*144. 

5E4. Aj-7) 44 X 32) 44°1 Aj-7) 44 ?1)44 NA1MHW 47l *1]3 4 71-1=. nH^o) 7 ] m^efl aJ el 4^ 

4471- 0.20 X 3J2-4 § AVE119J 5J0I 44*] sH}. 

£4. 47l 71)4 7fl4 Aj7l t||« ifl!2:2l AJ-7] AJ-& 7))^ NA2S.-=fE] NAH1 cH-i-Sl-^ AJ-7] 7^ »| *V ^2] 

oj«oll fl^slr 4* X 221 ^7] cfll- ^2] Aj- 7 ] AJ^ 7)1^^ NA2S.-¥-El NAH cfl-§-*l-fe 

^71 7119- ^lt> ^2] oj^o,] OjAfS]^ AJ-71 22] %4?o] Aj- 7 ] ^)2 3 J- 7]^ Dfl^fiJ ^Ji 7l^Aj7H E 

«&s)*l ?*E* §fe 5Jo] 4^-2] §J4. 

SE*. AJ-71 711 T 1 T^^-S- #7) cflS" ^2] Aj- 7 1 Aj# 78?^ NA2S-?-Ei N AH1 tfl*S|-fe- Aj 7 ] 7fl^ ^1^ ^^2] 

ojo^ofl ojAj.sjt. 43. x 1*1 ^-4a1 ? 1^ ^-AHl aj-7] ^.g. ^^e] aj 7 ] AVa, 7 fl^^ NA2S^ NAH ^-§-S> 

^71 71)^ ^^2] oj«o!l °J^5lfe 4# X 22] a^*>^ 4$ -Jl^-i- 5l°l 4#«l5l-4. 

^71 7l]^ >|« AJ-71 Cfll" 312:21 AJ7) Aj^ 7 fl^ NA3S^ NAH ^-g-^fe- Aj- 7 ] 7fl^ >|« ^^2] 

oj ^o)l OJAJH]^. AJ 7 ] Sj^-X 321 Al-^SH Aj7l cfll" ?)2:2] AJ 7 1 Aj^ 7 fl^ NA3S-?-Ei NAH] tfl-g-Sj^ 

^7) 7]]^ Z\m ^21 oj^ol] °d^l-Sl^ ^71 4# A 32] Aj-7] ^3 % ^Ji 7 ^ °B ^ ^l* 7l^Aj7jx| £ 

^5]^1 ^ ^ ^ o] gj^ 

4J-71 7)]^ ;«im AJ-71 cHl- 3122] AJ-7] Aj-^ 7)]^^ NA3S-?-Ei NA1°11 ^-S-sKr AJ7I 7fl^- ^1=1 ^2] 

9J°=H1 <yA].s]fe 4^- X 12] %4-£ f-4Al?lfe -&AH1 aJ 7 ] ^22) aj 7 ] aja 7fl ^ NA35.^El NAH1 cfl^-s]- 
^71 71]^ ^1*1 ^2] ^^oll <yA>Slfe 4^J- X 32] ##-tr 4^§}fe 4^ Aj^Aj^- ^ ^o] 4^*14. 

-8-71 AJ71 CH# ^2:2] ^4^^1 ^Aj^ A}@) Q£\g_ ^AJ^- ^ ojq. 



■& % V ^°11 4# i£ 4-& # ^"3 ^^1^ 4^ x H *)li ^-^s.-?-e12] ol-g-sH *fli Jii 714 ^^(t 

I)* ?Hr ^111 ^ 71^ D]W 1 ^^o] 7flAj */£Efe 7]^ 4^X 2(X 1 < X 2)2) ^12 ^^5.^- 

E-12] ol-g-sjol ^)12 iJ: 714 T^l(t2 > tl)l- 7fl2 % ^S. 71^. D fl^]o)] ^jis] 7flA^ ^/5E^ 71^ ^ 

sjSU, 4#\ 3(X 2 < \ 3)21 *I13 ^.e.S.^-E-121 ol^-s)-^ *|3 ^.j: 7 14 =Ml(t3 > t2)» £^ *\]3 % 

^ a. 71* oflSlH ^a.2] 7flAj 7}^% ^«J4fe ^ ^1S, AJ71 %^<$ ^lfe Aj7l Till ^- 7]* 

n fl^11 ^fl^l ^"71 7l]3 4 7]* nj^oll rflej ^^o] 7fl AlJ 7 l*oll ^-f 2) cfll- ^-g-SlJl, a o V 7 | ^- ^ oj 

4^1^ aj-71 Tin jii 714 ^Ml 014 *113 M 714 fis] 4°H 7lo]*H ^44^ ^^^41- a^47l 21403 aj 
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71 A2 "A ^13 ^-^AS^-Eie) t\ %4r£ -f^n #7l Till 2] f.^}*] £s].i=. *sf>ofl ufl 

*i€ 71* f-*i *h ^ 5jfe.cn, # 7 i 71* *w a.^ =r*& f-a^^2] ^21 

T 1 ^!- £tt Sl^ %n ±*}5., -8-71 $g #7l ^]2 6.S.^-Ei *# X 221 *l2 "a^slfe 3-f °fl 

3^*^ 3]tflS^ SJ^^-fc £fe SJ^^-S] $3 *H-# n 2, #7l #71 ^3 M^S^El *# X 3 

21 m %^o] ajA^fe 3)-2-°H iMD^fe #71 *fl 3 #^f2) S\%%? 31^#^# £fe 33*2] 3)^ *H*# n3 

^ 55# "fl, 



I n2 I = I n3 I 



"L^H^Tr f"*H #71 *#X 12] #^ofl 2^| Aj 7 | ^ # ^ 7] s. D ))^o)] <g/tc± 7|f-g- OH] 

#71 CH# ^2] 4^2) #& 711 NA1, #7) *# \ 221 #^o)l 21^1 #7) *f|2 * 3iL 7lf oJ*W $ 

$ ^/SEfe 71^ ^Sjgffe 4| 6|| #71 cfll- ^12:21 d~§2l #<% 7fl^l- NA2, #71 *# X 321 #^1 2)*)) 

#71 ^3 # ^SL 71 s. oflSfloll ^ ^/£ir 71^ ^sJsRr cflofl # 7 | tfl# ^^2) ^s] #& 7fl^^» NA 

3^-S SS-I- "fl, #7) tfl* Sl^fe #71 71^. ofl^Hl ^ 7 |s.^. ^djSj.71 2)SH #7) 71) 

NAUlHW #J:*V *<S-§: ^#S1£^ #71 ^11 #^-g. #7] # ^iL 71^. nfl^s] 32. 7ls.>a#o)l ^j#t 

^ $X31, #71 *1)2 # ^ il 71-^ afl^ofl ;*j £2) ^ ^ /£ c^ 7 )s.^. ^Sj5}7l 2)sH #7) 7fl^ NA2^HH ^Sth 

^^SfS.^ #71 *)12 #^21 n 2^ S]^## #71 z\)2 # ^Ji 7]s ofljfls] 7ls.-a#o)l =r 51^°!, 

#7) ^113 # ^J± 71^. D ))^o11 ^^.2] 7 fl/8 ^/£Efe 7lf|- ^r*Js>7l $1*H #7l 7fl^ NA3^°H^1 #^«- ^ 
^Sl£s AV7, ^,)3 ^o, n3 ^ #71 7)]3 # 7lf Dfl^^ ^h. 7l^3#ol| ^ 5ife 5J^- s-^jo. 

S.SVC1-. 



°1 # #*M1 n +^ , a, ^12 #« ^ ^13 #^S.^-E-l2l i\ #^£- ^sflois -f^sln £&*!• ^11 #^6.S^2) # 

^r€- -f4*l-^ ^Sl-fe #S<>11 Hfl^l=l 71* ^ 7.yo] Ji^ =^*Ol 5)^ ^-t}- i7,Hl 21811 7)U l£Jr 7)^. ^^|^.«-E^ ^1 
3 7)* ^7)1^ SjolS. 271121 A^jS. ^ ^ 71* ^^21 *H°11 21-Sfl ^-^^71- S.^Hl°S., 1 # 

^li 7lf Dfl*fi xfl^ ^]3 ^ 7IS. oD^l fi^o)| ^^.cq 7]^. £i=. 7fl^^. of^gj.^ ^sj^. £ ev ' 7 l* ^ 

^ Sl-ol ^o] 5]^ ^ ^7,>2) 5)^ ^611 2l«() 4#ol A^S c)-s. Zj-Z^o) ^0. S a. E l2l #^o] nfl^- ^j|^o|l 

€S 7flS.2l §.#011 ojgfl ^Sl-s].^. ^^^7> ri^SlS.^., ^ll # ^M. 7lf ofl^l ifl*] ^3 ^- ^jj. 
7lf ^^.^ 7 |S C£^ 7 fl ^j^. o^gj.^, ^ ^Cf. 



#71 ^2:fe *# \ B, #71 Sl^ 7\*r n2<*}*\ sHS^fe- f.Aloi| ^ a]^. oVi A] 7) fe u^aj^d-. 
630nm < \ 2 < 670nm 
760nm < X 3 < 800nm 
X2<XB<X3 

£*t, #71 % ^ Ji 7lf oD^ofl ^lifi] »| >g 7]S^ ^Sjs}fe ^ ^ A o V 7 ) cfl^. ^] S 2l lA o Vuf| -§--§- mlS. 

t> ^-2-°tl #71 Cfl# ^flSfe AJ.7) s|.# X 1( Aj-7] ^ 7]^. -7(1 tlj #^ 7fl ^>- NA1 _ q 7 y ^#a)|^ ml 2l 

2^ f-Sfl *r*\7\ ^i,7\ Sl£S. s)a)^ ^] S o] ^o] ul-^g^cl-. 

#71 #* 711^^ NA1 ifl^l NA3-8-, 
NA1 > NA2 > NA3 
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44 443 #47 #7l #4 31*1 ^3 ^€^-¥-E^ * ^o] £^ 7447 772) ^fo)l Hfl*)* NA1 
4 NA24 NA32) 7fl7 *fl* 7*7 47 3)°1 4*444. £*, #4 7fl7 Jflg 7*4 #4 317 3I2.4 <y^]^ £efl 

3 7737 ?h 44344. 

#7l 7117 *H4 7*7 #7l 317 SQSfil #4 #7 71)77 NA2S-^E1 NAH1 31747 #7l 7117 All* 7*2] 
°§«o)| °Ja>4^ #7) 44 X 24 477 4*4°} #7] 317 ^22| #4 71177 NA2-5.7Ei NAH1 31747 
#7) 7117 Afl* 7*4 <g*H A o V 7 ] 4*j- ^ 2 2] *$ol #7) # ^ 7 |S. ofl^S] ^ji 47£#44 £ 

444 &£7 t ^o] **474. 

£*, #7] 7l)7 All* 7*7 #71 3]7 ^2:2] #7) ## 71)77 NA25-7&1 NAl°il 31747 #7l 7l)7 Ail* 7*2) 
oJMo)] oj A f5)^ *# \ 121 74^717 74°D #4 OH- ^2:21 #4 7fl77 NA2S^ NAl 6 !] 3174 

7 #71 711^ Afl* 7*2] <^«o)l OJAI-Sl^ 4# X 22] 444 4*47 44 4«14-§- 47 5J<>1 44344. 

£*, #71 7fl7 All* 7*7 #71 cfl# <fflS4 #4 #^ 7 D^r NA3-S.7&1 NAH1 3)747 #7l 7fl7 all* 7*2] 
■S^WI ^437 #7) 4#X 321 #77 4*4°1 #71 317 ^12.21 #71 ## 71177 NA3-sL7tM NAH 31747 
#71 7117 *ll* 7*2] <g«o)l ojA>Sl^ #71 44 X 321 47°1 #71 ^3 4 £L 7m D H^2) ^SL 7)7*444 5L 

43*1 4517 t 7 47 3W 44344. 

S*. #71 7117 All* 7*7 #71 317 31^4 #71 #7 71177 NA3-5L7&I NAH1 3174fe #71 7fl7 All* 7*2) 
^«o)) ojAfS]^ 4#X 121 #77 74*]7l7 74°fl #7) Cfll- ^2:21 #7l ## 71177 NA35.7&I NAH1 cfl-g-Sf 

#71 7fl7 ^lft 7^21 <^^oii ^Afs]^ 4# \ 321 4# ^!«1## y>^-ais>cf. 

Sft, #71 7117 ^Ift 7^€r #71 Efl-I- ?1221 #^#ol) 4# Aj^B 7^t 7 Si4. 



JEft, ^ 4^ 5E 4# # #^lfe 4# X 12] #^o.s7e-12) #^ oI^-sh SLU 7l# 7^1(t 
I)* 41 % ^S. 7m D B^1°11 $243 7l) a^ ^/S£^ 7l^.# 7 8 JS>^, 4# X 2(\ 1 < \ 2)21 ^12 #€AS.7 

#^-g. oj^-sH ^12 7l# 7^1 (t2 > tl)» ^112 # 7m crfl ^i oil ^ii2l 7flA^ ^/^^ 7 m^- 
7*JsU, 4# X 3(X 2 < X 3)2) *)13 #^5.7^121 #^-§. ol^-sl-^ ^3 jul 7}# 7^1 (t3 > t2)» Sfe 

^13 # ^ga 7m ^£i2i 7flAjj ?m^ 7 d 3*Hr ^ #^is., #71 # #^m #71 ^1 ^ 

7m D ll^l Ml^l #71 *113 # ^ii 7m tflft ^Ja.21 ^flAj ^ /£ c^ ^s-o,] ^.g.o} cfl^ ^j^s. ol^-§l-jl ( #71 J| 

1 ^ 71* 7^4 ^112 ^ 71* 7^121 St-o)e4| 7lo]5}o^ ^4§>fe 7^74* ^.^471 #71 #« S # 

7) ^13 #^O.S.7E.-)2) ##0) ^^sl-^l ^.gj-^ #S^1 nfl^l^ 71* 7^1] *W 7*4, #71 ^ll iLJr 7 1* 

7^14 Afl3 ^.Jl 71* 7^21 x}o)ci\} 7l«?14^ ^^.Sf^ ^^s. ^.^§1.71 21§H #71 ^13 #^A1S7E121 

ol -f 442 #71 *lli #€ ^ ^12 #*o.s7e-121 #77 -f 44^1 74tt #^.#011 Bfl^i* ^12 7l* 7M1 4°1 
7** £731, #71 *fli 7l* 7 Ml 4<>1 7*7 ^-4l«^2i 7721 01^* 727 27 *11i S)^ 
#4 i^s, Aj.71 ^IH S]^ #4 4i7V2i S]^ 7s<Hl #71 ^)12 #* 0.3.7^21 4^. x 24 ^12 #7°1 °J4sl^ ^7 
°fl ^47 #71 ^12 #721 si^#7 ^3121 31^*^7 47 2)^*21 5)^ 477 n24^ «7 "I. #7l ^1 s& 
44 rt7>4 4^ 7^7 #71 4# \ 24 314 <y*)47 4# x B2, #7l 4^ 47 n2oll^ 4^44^. #7l.^l2 7l 
* 7*H 4<>1 7*7 7414^21 774 7cfls ol74* sj^l 7^7 5J7 7fl2 a]^ #4 ±z\s., ^7} 42 
#4 ^421 S)^ 72<H1 #71 ^13 #* o.s7Ei2i 4# \ 34 ^3 #701 ^7°11 4^)47 #7l m 4721 

S1447 ^3121 44447 47 2)4421 44 477 n3°14n 3£7 "41, #7l Afl 2 2)4 44 £44 34 727 # 
71 4# x 34 314 2J447 4# x B3, #7l 44 47 n3°114 ^2}44s, #7l 4# x 12] #70)1 4^ # 7 ) ^ 
4 ^a. 717 "fl^loil TflA^ 5>/£7 7)77 7 8 347 3H1 4.2.4 #7l 3)* ^24 2^4 #7 711777 NAl, #7l 4 
4 X 221 47°11 2)«« Aj-71 ^2 4 %H 717 D H^1°11 7flA§ ^/a7 7174 7*347 3H1 4^.4 #4 317 ^1^4 £ 
=§2i #7 711777 NA2, #71 4# X 321 47°tl 2isil Aj-7) ^13 4 ^£1 717 D H°H 4*8 ^/£7 7177 7 S J47 
3H1 4-9-4 #71 317 €S4 £^§4 #7 7)177* NA3^.S * ^-fofl #4 317 €2r #7l Till 4 717 °i) 
sflofl Aja.4 71)as 5I/SE7 7177 7 s J47l 2)sh #7l 7B77 nai31oiia^ o^sv 4^^. ^a^^s. # 7] ^ ^ 
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* #4 4l # 4-£ 44- 444 44444 ^ SlU, #4 42 # 44 Dflsjoll 44 4/£^r 

7]^ ^44 444 #4 7fl^ NA2444 «8=£$ 44-fr #4 ^2 4#4 n2 4 4*l#-§- #4 ^2 

% 44 ofl^] jg^ 444#4 ^ oJOo^ # 7 ] 43 * 4^ 44 ^iLSj 4^ ^/5£^ 7 ]^# ^ 

SJ44 444 #4 4^ NA3444 4^4 44-tr ^44^4 #4 43 #<?r4 n34 4^4* #4 43 4 4iL 
7 ]S. o(14o, ^ 4^444 33.3 o} fe 44^ig. $4. 



4 * 4<9 #44 4=.4, 42 #€^£--¥-44 #4-44 f-44fe #-§-4 41 44 ^4 =r44 444^, 
43 #4-2~£- s i L 44 #4-44 f-44fe #3.4 42 7)* J£3 *r44 4444. ee* 43 #3!°..£. J f44 #*r4 
4 f-44-Tr 42 71* ^4 j±4 444^r 444 44 44 4^ - ^0,0 
£, 3^44 43. 4-§. # ^ji 7)^. 0II44 4-&4 7]^ SEfe 44-§- =r 44 &%7\ S]fe Jii 4# ^44 44 

4 7i ^^4* £3 1 ^ sac}-. 



#4 41 # 3»± 44 444 4-5L4 44 441 =^44fe- #4 4# 42-4 £#4-§:l mis. *V 4-?- 

4 #4 41 42Mf- #4 4# \ 1, #71 41 il 44 f-4 tl. #71 ## 44^ NAl, #71 4#4"§: mis] 2^ 
f-4 --r*V7}- *|i7> 4344 ^20] 3J0) 44-4^1}. 

Et>, #71 ## 4^=r NAl 44 NA3-8:, 

NAl > NA2 > NA3 

-§:4#44fe-§-44. 

#7] #44 #4^ #4 41 #« 44 43 tfflG.sJf-Eifi] 4 #^o| £ ^ f-44-fe- ^*sl #s#4 444 NAl 
4 NA24 NA34 4^ 44 "r^-i- 4fe 44 44444. #4 4^- 4$ #4 41 <y4s S!fl?J ^ 
5»°1 «ttM*H*. 

SEtb. #4 4T 1 4* #71 4# €as) #4 #^ 4^ NA2S^El nai4 4-§-«Ffe #4 4^ 4t> 
<g^4 °J44^ #4 4#\ 24 4^14 #4 4# 4^4 #4 ## 4^ NA2^^4 NA14 4#4fe 
#4 4T 1 4«- ^4 ^44 ^4-4^ #4 4# x 24 #^4 #4 42 # ^Ji 4^- 444 ^ a. 4^#44 £ 
£44 t ^ 5Ufe 44 4^-444. 

a*, #4 4T 1 4t> ^4-8- #4 41- 4^4 #4 #^ 4^ NA2S^-4 NA14 4-§-4*r #4 4^ 4t>- ^44 
444 °J44^ 4# x 14 f-444^ -§-44 #4 4# 4^4 #4 ## 4^^ NA2S.Y4 nai4 4-§-4 
#4 4^ 4$ *r#4 444 ^44^ 4# x 24 44sfe 4# 444# 44 4^444. 

sev, #4 4? 4t> T^-S- #4 41- 4^4 #4 ## 4^ NA3S^-4 nai4 4-§-4fe #4 4^- 4$ ^44 
o|44 °Ja>4^ #4 4#\ 321 #4rg- 4444 #4 4# 4^4 #4 ## 4^ NA3S-?-4 NA14 4#4tt 
#4 71-t 1 4^- ^t44 444 °J44fe #4 4# X 34 ##4 #4 43 # 44- 444 ^ Ji 44-4#44 ^ 
£44 t ^ 44 4^444. 

£4:, #4 71-7 4^ #4 41 4S4 #4 #^ 4^ NA3S.^e^ NA14 4-§-4^ #4 4^ 44 ^44 
0J44 «yA>4fe 4# \ 14 #^ ^444fe f-44 #4 4# 4^4 #4 ## 4^^ NA3S-?-4 NA14 4-§-4 
#4 4^ 44 ^44 444 444^ 4# x 34 444^ 4# ^4^# 4^ 44 44444. 

S*v, #4 4^ 4* ^4^- #4 41 42:4 #44#4 ^44 4# 44 14^. °;4. 
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n # 3 "3 #*HI XH*L ^71 cH# -fflZ^ 44^ ^l^^S. 3°1 4^44. ojl- f.^ , # *)<g 

#*HH ^-1*1 *)l3 * ^iL 71^. Dfl^flofl cfl*l 4^. 7]a]» ^-iLt ^ 5U4. o] %+<q W ifl# S§aS| #7l 

4#A. HH*| 3:3 7le]l-fl(mm), d(mm), <$M cflf- |2o| ^43 # 7 | ^ x 12 ] #^0] ^ 

£ * l(mm), #7) ^13 * 3iL 7l^ °W1 ^e) 7.IH ^/SEfe =f*|sf^ 3 °-o} # 7 j cH# ^22] 7-j E] 

* fB3(mm) IS <"fl, 4£ tt^l^lfe 3H 4£ ^Bj* 3**1 S^J-tr cflofl 5U44 43-3] ^4. 

0.7 < d/fl < 1.5 
2.8 < $ 1 < 5.8 
fB3 > 0.2 

$7] m # 7]^ oflSflol] ^fifi) 7fl^S S/afe 71-a-g. ^Sjs>fe ^ Cfl§ ^5:2] ^^«fl^-# m 3S 

ev ^0.0,1 4# ^ nv^A^lfe 3^ 44.3 ojg. evcf. 
m3 < 0 

°1 3-9-°fl 4& D i#^l7l^ 3Jo] 4^344. 
-0.25 < m3 < -0.05 

5Eth 47) ^12 % ^Ji 7]-S=- o|*|efl 3 143] 44 ^ /5 c fe 7)s..g. ^sj4^ ^ o., cfl o. ^ afi | ^^Hfl^-I: m2 S 
*1 ^-fo)] 43. a] A nV^Al^fe a-^^S. £4. 

m2 < 0 

o| ^-f^ 4* 44*144. 
-0.20 < m2 < -0.02 

4344. 

afc, 4£ 4* nv#Ai?ife go] 44344. 

380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < \ 3 < 800nm 
0.0mm ^ tl < 0.3mm 
0.5mm < t2 < 0.7mm 
1.0mm < t3 < 1.3mm 
0.99 > NA1 > 0.70 
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0.70 > NA2 > 0.55 
0.55 > NA3 > 0.40 

SE$, #7) NA1°1 0.8°1#°U, ^] 4l SJL 71 U- <j.^o)| 7l*l*W ^S^fe # 

s>4. 



5E*h ^71 7]# ^^11 £.3 ^c}-£ ^ o)^-§).& 3-°-^., ^7) tfl§ ^ofl ^A^fe- -$7} Till #S}CL5. 

Jf-E^ #^2} v}*}^ ^-AH^ £5)-^ ^ 5flfe S ).^2) 71-f - #3J" i^^, $7] 7\% ±7}^ 

^°Mi7i7i ?m$= 7 A°\ 4*1*1-4. 

£th ^ v 7l 7l# f-Tfl 44sl ^■^■ir 7^ *fl£/§-i- 7f-*U, sEfe- Et^ <g-g- 

?]7M^ ^71 7Hfl 7)]SL#Sl #^-§- fti* «*Al7lfe g-i 7f^ i^W, ^ £fe <f 

# °17>A)7171 °]7V ^-§- S°l 4*1*1"4. 

£th -*7l A. 1°1 550nmiL4 gji, aj- 7 | o.s.-f &1 2} nl^eV aj.# £§H 7]°]SH ^ 

S°l *}ch 

aV 7 ] ^^j. £3 f-Aj^^ a.^fi] o.^^ o)=l^^] ^.£ 7 y qc^sL Sl-M-2] 2)a^^^. 5}-^ 

sl^ ^ ±7\5L, 4i Sl^^S] 5]^ ^Soll °m f-jq. aj-Tgofl -^-71-Hlfe ^SEf, 

$ bl = zl- (b 2 j • hi 2 + b 4 , • hi 4 + b e , • hi 6 + • • ■ ) 

°)1 213H >g2lSl^ ^-SSV %^S. 44^^ ^-f«fl{ol7H ( Aj-7] Sj^ig^ s]^ ^20)1 Aj- 7 ] x ja| ^ 

«1 U"7| af^- X 121 #^°1 S)a^^ sjcfl^ Sj^^-^g. ^ 5)^^-21 Sl^ SV^r, hife * 

^•0.5.^2] ^. 0 ]( mm ) (b2i>b4i>b6i( . . . ^ zj-zj- Z f\ 4*1- 6*K • • • 2) #jl*1- 7)1^(5]^^ 7il^e}HE 

4)°14.} 

PD = S (-2- zl- b 2l ) 

611 21 4H ^9) Si fe- 5]^ ^°J21 ^ ( mm 1 )7> 4-S- 1# *#^l7lfe 53 °l 

0.5 xio 2 < PD < 5.0 x io 2 

«l ^-f^l ^7l Ajj^l- ^ ^rj^. Aj- 7 ] ^Sj. o^^l^ ^Ajs] j, f Aj-7) £3 g)^ a o V 7 | ^ 

# sfflaai ^ ^A^fii #^-§-£tsHr ^s. t\t}9] ^-^Aj-oii ^^slfe- 3H 4*1*1-4. 

aj-7) Aj-cfla) oH^7l- -g- ^ <S254 ^-cfll^s. oH1^7l- ^^Hlol, 

>8-7l ^^2:521 Oftffl^ v dP ^ -*7l ^-^2:521 O^l^ v dN ol t±£ A)^. nViA)?)^ ^o] Mj-^a] g^cf. 
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v dP > 55 
v dN < 35 

5E$, ^71 4l ^S] +lnm £^SRr ^-f o) ^- 7 1 cfl-g. ^ 2 21- $7} q^z} HQ ^ 5^ 

i 3 2) si 2] a f Bo BJ + CA yytt&q* oViA] ?i ^ 5i o) s^. 

I A fE^Bj + ca • NA1 2 I < 0.15(11 m) 

S&tK *ll Ml^l ^13 3<H£ 27fls] ^SJ-SM Sife 3°1 «>^Sfcf. 

nH- 71^- *1H *r 5U4. 



* t^ 0 !) u^g- * ^ <S #*1 tr 4* A. 1 Sl *| 1 ^€^S-¥-E-) 21 #4p-g- o] -g-SH 1 Hi 7l * f-*)| (tl)# §>^r >| 1 
% ^Ji 71^ nflSflofl ^iis] 71H ^/£E^ 7l*-§- ^°t°l, *# A 2(\ 1 < A 2) 2) A]2 %Q<L3-lf-Z] S) #^-§- o) 

-8-sH 42 Hi 7|* ^( t 2 > tl)» 7fl2 # ^H 71^ °1W1 3)H2l Tfl^j ^/SEfe- 7)s~§- ^sjsKii, *# 
\ 3(\ 2 < \ 3)21 ^13 ^^.S^2) #4M- o)^sH *3 Hi 7l*^l ( t 3 > 1:2) » S>^r 43 # ^ fi. 7^ 
°]W1 ^H2] %/<E^ 7)^ ^r*m±r % #7] 4l % %H ?1* D B*fl #7) 43 % 3iL 7l* 

°fl^Hl 313: *H 3S/£fe 7l^o)i svq-21 ^^.os ^sQfe a] tfl-i- ^a* oi-g-sv^l, A J-7) xflrHi 7] 

* W m Hi 71* ^7|]2) ^H°ll 7l«!*M fc^fe. ^T^t-l- Ji^«|-7| 2]*V 7 |* ^ ^0} ^-g. 



°1 * 4 = $, 3^21 4§- # ^Ji 71 a nfl^floll ;gH2) 71^- 5Efe iifl^-g- nfloq £4?} Sjfe- 

^ 71* ^M|2l ^oHl 7lo]S>^ Ji^ ^ ^ 5Uo.nl, ^(il)ol -^-f 21 cfl# °l-8-*KH.3. 3^ 

21 Ais. 4^ % 71^ Dfl^o)] 71* 3!/5Err 7flAjj^. ^.<ys}. ^. «j<g ^ a ^ o^d-. 5E*V, cll# 

7V ^ «s<>l aa. **1 71* ^n?} e ^3 * 7l* dh^oh ^^.2] 71* ^sj^- nflsi ^ 

7l2l#***l *£Lf- ^Stt4. 



^ ^ Vl goll n^g. ^ ^ifij ^7)Hl tfl*H £34 Hl*l E4H ttj-el- ^^^4. £34 ^fl^l £41* 4 * ^!<3 ^-^1 
# 7fl^^as ^^S>fe E^O£, £34 ^1^1 £4H^ife ^ #31*1 #*M|* ^7)-2l 2JS11- 7^^ 

o.S 4El-ifl7l 21S><^ zj- 4:41- ^-El*H £Al§l-Jl Sife^), ^lSfe ^7? 27fl ££^r 271) o)AV2l 71^ 2>^ 

^1-21 *s<fl 71* ^Tfl aj-oi Hpitu sucf. 



^, £3421 % ^lfe ^IH ifl*l ^3 3L£ 71* ^-Mlf' «1«>1£ 271121 Hi 7l* z}o]<>H 7]°)^ ?^t\- 

* H^5f7l 21-^ 71* f-^1 H^ ^*(7)4, ^<>l£ ^ill * ^M. 71-a nU^7l- Z>fe ^ 1 Hi 7]* ^-^2) 

'i*H 7l°]5}fe- ^^^SHI SL^Sj-71 2) el 71* ^r*(6)4, ^<H£ »|1 ^(1)2) n^ev *^J- 

oil 7l°Js|.ir 1±^}7} 2)^- ^(5)1- 7^H, ^]1 ^(1), 42 ^(2), ^13 M(3)A£^- 

E12) H %4-£. ^-§-21 ^7)11- f-Sfl % 71* nU^(10)6|l «aA>j£|<H *fll % ^H 7l* ofl^ vfl^ ^3 f ^H 7l 

* o|*H ^H2) 7fl^§ 5J/SEfe 7l*# ^f-2) cfl # <as(8)» olM°l ^flfccl, 2^ ^©.s^-Elsl tt-S- # 

&1"11 0 |E-1(4)?11 2)«H ^SJ t^S >d**4. 
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£35X *«j<3 #Xxr Xll *«(1) MIX Xl3 *<l(3)^S-¥-Elfil * *#<>1 -f4^fe 2) *^X1 X* ^fXl 
*M t*(7)4 71* f-X| SL% ^*(6)-§- apls>Jl, XU «LS-f-^fl] *#<L>°1 tS«D XI 

i *# £51X] 7iq]3i-^ ^X-t- ja.3*M ^X- ax. ^*(5)-fr nm°) xii * X-^ 

MIX A J-7l Xl3 * 3J± 71^. ofl^oH nflSj- ^^.s] 71^ -^-§2] cfll- ^(8)* °l-g-sH =r*3<&*. 

Xll *^*, #2H°HH(9a)X| 2]*11 sg*JsV7ll £*3 XI 2 *«(2) ^ XI 3 *« (3) AS-^Ei a] * 

%S. W ^*(9)X1 21811 -?-f X *3.* X**) Sl^Cil, o] £^ofl^£ 



SE*, £.362) * ^Xrr Xll *«(1) vfl^l XI 3 ^€(3)^.S.-?-Eis] zj #^o] f-4§]-^ -^-fs] *S<X ji 
3 =r*(5)* 71* *pX| X-°l ^*(7)-§- aflSl^ji, >fli ^(l) o.s.-f E-12] **t*o| f-sfs]^ *SX| Xll J2.J: 

71* ^fxix ^xi 7i°i*fe -t^x-i- a^si-x fl* 7i* ^xi ±7.} a^ =^*(6)* m*iaW xii * ^a 7i 

^ MIX Xl3 * 3a. 7)^. D fl^ofl tq$ ^^.o] ^ ^s-g. ^§-2] Olf- ^a(8)» X-§S1X <Hf *cK 



£*, £372] **1^ Xll **(1) i^X Xl3 *«(3) OL^.-¥-El2] 2]- #^o] f-sfs}^ ^-f-s) ^oj] 7 ]# ^ 

X"<>1 a.^ =r*(7)# «P1§1I1, Xll *€(l)-2.^-E]2| *^*o) -f-4slfe *S°)1 XI 1 *&(1)2] ol^SV 4^V g$X| 

7lo]5fe ^X-f- a^*M 2]*v ^*). ja.^ ^*(5)* XI 1 a£ 71* Jf.?|al ^} si.*Wt 7]°)*}^ ^3*rX-# a 
3*M $1* 71* ^-^ AS}- a 3 ^*(6)-§- Hfl^m<^ Xll * 3J£ X^- oj^fl vfl^l X]3 * 7]^. oflXH cflev % A 
21 *H 7]-lj--§- ^-f 2] cflf- o]^o] ^S^SVcf. 



a*, ■& «- t g°il tcl# * #*)2] *^X|ofl^fe £.38 ifl^l £40* *°1 7l* x}o] >j 2 * 

XI 3 *«^SJfE|S) * *^o] SL^ f-SfSU Xll *^o.S-?-Ei2l *^^- -f *§H ^fe %5Lo\] U|l^t>*. ' 



^, £382] * z*<3 %x}±= Xll *«(1) M]x] X13 *«(3)^SJ?-E1S1 zj- ^o] s.^ **«|-fe **s) *S«fl 

t*(5)# Hpl^Jl, X12 *«(2) ^ X13 *«(3)5-S^fil *^r*°l -f*S}^ ^-f 2] fsl Xll iL^ 7l* 

^X XI 3 aJl 71* ^Xl^ 2]<H£ 2 7fl 2] Jil 7]* ^71)2] SMX1 7l«?]*>fe- M.^5l7) 2]*V 71* ^ 

SH>1 J4^ ^r*(7)* m*l*M, Xll *«(1) o.S.^2] *#*o] fsofl xil Ml X* ^2} iL^oi] 

7l*!*m ^^^r^m a^S>7l 2]^> 71* f-XI iL*f Ji^ ^*(6)* aplS-H Xll * 7}^ oflxi iflX Xl3 * %H 
7)^ °11X1X1 tfl* ^JiS) 7flA,!j ^/SE^ 7l^# -^-f 2] tfl§ ^13(8)1- T s cS^*. 



£E*. £392] * ^-^1^ Xll *€(1) MIX X13 *«(3) ^.S^-E-Jal *^o] 3.^ f-**Vfe ^-f-2] ^-so)l 7 1* ^ 
^.7> ^*(6)# iWU, XI 2 *«(2) * X13 **(3)iliM L El2j *^*o] f-^fe ^2] Xll 3i 

J: X* ^sjfl vflX X13 ili X* f-^O^ aj<H£ 27B2) aJ: X* ^^2] zyow X^sfe ^tg^sn. a^siX 2]ev 

X* ^-Xl a.^ ^r*(7)l: Hfl^l5V°l, Xll *-$(l)J5.iM ! -El2) *^*o] f-2]-s}-^ ^- S o)l Xll *Q2] n]ieV 4^. ^4 
XI 7]o}5Hr ^^SH- a^SlX 2]e> a.^ ^*(5)# ufl^lsH Xll * %H 71^ oflxi iflX XI 3 * ^SL X^ 

°BX1X1 cfl# ^iL2) 7fl^j «/£Efe 7iaf ^f-2] cfl# <gl2:(8)# X-g-SH ^*J**. 



£*, £40X * ^ ^aife XI 2 *fl(2) ^ XI 3 *«(3)Je.S^-Els| *^*o] ^^-2] ^-s.X| Xll S.S. X 

* t-XI MIX XI3 us. X4 f-Xlf 1 XX£ 27H2) 7i* ^2] ^o]oi] 7i<ysHr T li a < rSH- ja.^si7i 21* x* 

f-XI 7)-o] ^.7^ ^(7)* HPISIJI, Xll *^(1) 6.S-¥-E^2) *^*<>1 -f *3T]-fe *S.ofl Xll *«(1)2] u\±i£ 4^. 

^sioil 7|o]si^ ^^X-l- a^svx 2]&v a^^]. a ^ ^*(5>* xii ajt X* ^X ^-^] ^.shi X^si-fe- 

X-t- il^SlX ^1* X* f-X| iL*l- £3 ^r*(6)# HflX^H Xll * $JL X^. oj^ ufl^] x|3 * $0. 7]^ nflxH] cfl 
$ ^S-X ^fl^S X^l- 21 OH- ^a(8)# X-§-*H *rfl$ch 
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4 tt'gefl of€ * **WN*1fe- £414 £o| #^*o| -f 45>^. 7fll 

Jii 71* ^] ^ ^12 iLJc 71* ^*(|2] f^oW 7)°mSr ^^9: 71* ^ *M Ji^ ^#(7a)-§- 

BflSlsrl-2, oj.^ii| ^fl3 *^O.S^Sl *^*oj -f Sfsl-fe *S0|| ^1 iLi 71* ^^1 «j ^13 iLJL 71* *M|3] Sl-olofl 
7l°]*Hr t^*!* Ji^S>7l m 71* *H ^.ig ^*(7b)-g- «fl*l*c)-. 



^, £4121 * <%<8 41 *«o-£-¥-eiai *^*oi f- sfsife- #s.<fl a^sf ji^ ^*(5)2l 71* ^] ia> n 
3 t*(6)* m*l^j2, ^12 *«£.S-¥-Els) *<*r*°i ^4§h=. ^6)1 xn -7)1 r) ^J: 7 |* f-^sl 

,*KN 7lo]Sfe t^SH- 71* ^1 *M ^*(7a)-§- hWM, *|3 *«ASJfB|al *4?*o| 

*S<fl lii 71* ^ % 43 JiJl 71* ^2] 7l°JSfe T^^SHI 2]*V 7)* f-^ 

^( 7b )^. msl^cl-. #S)d1|o)e1(4)o11 2)«fl Ig$ *^o.S. t)U #^0.3.-^2) %4?2) ^-SSj. f- 

el «8 ol El (9a) ofl Sl«H t^Ai £*sl 7)]2 *« o.S-^-E-1 21 *^SJ *5.fe *£ ^ ^r*(9c)°ll 2]sfl ^s)n, 
°l*el S-elDflolE-lOb)^ 2] si) sgsj f#AS «£** ^|3 **o.S.^2l *^2] *£. ^ t^) 0 !] s| «fl 

Till S *fl2 ^iLsL-^sl *^s) *sSf. f-^*cf. XU # ^ji 71^ Dfl^fl 71)3 * DflSflod uH^ 

^iL2l 7m ^/fE^r 7.1) 44 2) 0)1- 3)S(8)» ol-g-SH ^*J*4. 



5E*, £34 Ml*l £412) * *]<>j ^eMfe 4 *$}o. 3.^ 2} <£aj. *^ #HH°ltM(4) £^ *eH<>lE-|(9a) a 
*eln|oiEl(9b)l- ol-g-sH flfl ^*Sl£s. ^sj^ o i ^ c) ) ( 0 )e^sv 3^0)^7} £ a** * 

^Tflofl £#3*1 atfe 3-fE Sti4. 5E$, £1 ^fl^l £72) # ^lofl^fe. 7}&%^ $ 

2 ^-€4 *I13 YJ:!- o)-g-§H Sfttm, -M^l * ^Hl^l >02 *€4 ^3 1^121 * 



^-f * * oJojA^ ^-71 *Al * 7^ 71^ oflSfl tfl^l ^13 ^ 7)3. nflSflo)] 7^2] ? fl^ * /£ c-. 7 )s.^. 

^*3§Hr OH) av 7 ] cfl^ ^ 2S | 4,^0] AVi 7^^^ zl-4 NA1, NA2, NA34J1 M# "I. A <M ^ll *«fil 

*^ X 1, A d-7l 42 **2] *^ \ 2, -8-71 7113 ^2) X 3, Aj-7) 7)j g. tl Aj. 7l 1L£ 7)* f- 

H t2, ^71 7113 Jii 71* ^ t 3 ^ -8-71 Cfl# SfflaS] i^2l ^ 7] )^.^ NA1> NA2( NA3 ol Cf^- A)^ *^A]7) 

350nm < X 1 < 550nm 
600nm < X 2 < 700nm 
700nm < X 3 < 850nm 
0.0mm S tl < 0.3mm 
0.5mm < t2 < 0.7mm 
1.0mm < t3 < 1.3mm 
0.99 > NA1 > 0.80 
0.80 > NA2 £ 0.55 
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0.55 > NA3 > 0.40 

#7l cfl# iffliiej #7l *# \ HHe) 3,3 t)e)1- f 1 ( mm ) , ^4] ^J- d (mm), #7l cfl* 3!2<>ll <a43£r 
#71 *# A 121 ^"#21 *!#-§- <D l( mm ), #7l ^13 # 7l* n^o]] ^^.^ ^ o| /£E ^ 7 )3..g. ^Sj^ ;§ O-o] 

#7l nfl* ^12:21 7HEH- fB3(mm) °1 55* nfl, 4* 4]* "V*^?^ 30I h].^^. 

0.7 < d/fl < 1.5 

2.8 < <D 1 < 5.8 

fB3 > 0.2 

SEtK #71 ^13 # 7)* oflSflo)) ^S.21 7 ]S^ ^8jt}fe ^2) ^7} Cfl* 31 2 2) l#Hfl## m 3^ 

s ** 1 4-8- D J-^Ai?ife 51 ol «f^S>Cf. 
- 1 < m3 < 0 

#71 »|2 * 7l* afl^Jofl ^^.Sl 7])^ ^/SE^ 7l** ^flSHf ^-2-2] 7l nfl-§- 312:2] ^afl** m2 2]- 

s 55* q. q-g- *1* 23 »} 4fW}. 

- 1 < m2 < 0 

##€ «>S* iLS 71* ^^l7f A^S. r^r 3^e) # ^£1 7l* £_£ 71* f-9|7l- €■ ^12 # ^Ji 7|* nfl 

n *fl3 # 71* °H3H ^^.2) 7lH 71-** ^*,9°Hr cfl# 3l2» ## #^o) OJAJ-S)^ 

-fr*M- , S(*lfift«).2-3. §1-^ #-§• 71 El* ^-ut ^ 

#71 cfl# 3!2fe *e^S) TflSJS. ^S^u). 0-5] 7)13.3. ^*c)-. 

#7l 71* ^ SH ^<S(7)£- ^-4)€^2] *^2) *cflS o]^-<H^l SJ^ «g^* ^<H£ ^ufo] 5]^^^. 

7>*W. ^-71 5)^ ^Sfe #*2] *^-ol 7J ##o..S. ^t}^ ^*oll -?<3^V7l- iL^ JMr »^°.3. 

c ^£^1- *#* £fe 51 °1 

#71 2]^ #71 ell* 3122) S}v+2l #«)-<3#oll $^gth 

SEth #71 71* f-*fl *W ^#(7)* #* #^S. ^o|A]^ O.SM| #7] tfl# 3]2o)l <a^=)^ #*2| d^I^ 

#^21 £2^2] ^ °Ji=. 2J<>1£. ^2] 7W ^ ^7) 7^ ^ ^§0 S ^olAl ? l7l 2) 

«■ ^ ^r** ^Hl^fe 5l°l 

£?h #71 71* Sl-O) ^*(7)* %°]^ 5l-v|ol 71-lg 7flS.#* 7Hoi, £fe 7f# £^ 1 

* °]7f§H #71 g-i 7V^ 7flilL#2l g-il- ^3^Al7l^ 7 >« ^Sf, ^# SE^ *]•# SE^r 

1* ^7>5>7l 2)?V 0]7V ^Hltffe 4^§>Cf. 



StK ^-71 ^11 # ^ £ 71* Dfl^)6)l ^^.S) TflA^j ^ /£ c fe 7]^ ^Sjs}^ ^^-2] ^7l cfl!- 3122) ^#afl** m l, 
#71 »H # ^ti. 71* ofl^o,! ^2) 7H^| 71** ^^Sfe 3*2) AJ-71 cfl# 3122] ^#Hl)** m 2, #7l ^1 

3 # ^giL 71* «i ^§a.2l 7fl^j ^/££r 71** ^»JS>fe ^^-2) ^71 31221 ^#Hfl** m 3e}JI 5S* »i # 
71 ml, m2, m3f- ^<H£ 27fl2) 1#hB*21 5tol ^e]-^£* t^s.^) Aj- 7 1 Tfli ja.Jt 7l* ^ ifl^l ^3 7l* 



- 36 - 



*2003 - 0030926 



$7] 41 % %H 7)* °B^H1 ^Jisl $q ^/SE^ 7l*§- ^sjslfe- dHi ^.a.$ #7] 
^ 7fl^ NA1°1 0.8°l^ol =S, A j"7l ^11 iLJc 71* ^) ifl*l 43 US 7 )# f-^|f> a 0 v 7 ) t|) 

i a.i 7i* jf-'l* it«fe 3<H£. 7]* f-?*s] £*wi 7i<y&H ifi^fe -?^=r^l-# Ji$*M 3* 7) 

* W *M ^ =f$(6)-§- *$°]5L $7] *\}\ %#°.3.*fZ]2) %4-o] f-2^fe *jjL#°ll £ fe %o] H^Sfc), o}^ 
■fSfl $*l, **1 il^E. 7l*-g- # ^ 7l s. nW o)l $33 71* ^/ce^ 4 ^o) 7^M1 *q-. 



5E$, #71 afli * 7jj± 71 s. bD^- ^.oj ^ ojAf^^oll 7]*#-§- ^7-21- 7fxl^ j At- 7l ^1 # 7<) 

.£ 7l*o|*JS] Z^S) 7l*#S| ^Ji 7l*fccfl a o V 7 | 0_s.JjLg|2| ^ ^ ?J rtfl rtfl ^ #7] 4l * $ 

-ti- 71* nflaflo] ^ 0J A }.^0.5.-?-El ^li 71*^^1 31 iL£ 71* ^3] x}C,)°\\ 7}0]§}<^ ?$^*1- 

# %A 71* $Lo] ^*(6) AS il^Hr 5Jo] aj-fl-al^. 

SE$. -D-71 afll #$ ifl^l ^13 Wl-sL^e] ZJ- #^o] a.^. f^fe -g-fs] %2.<q $7) 71* iSJ- SL^ ^$ 

(6)* *Wl£r S°l 4$3*m. 

*So)l tf 7 | 71* iSf ^$(6)# U«^l«Vfe 74C»1 4^215^. 

E$. #7| Tfll 2] *^*o) f.2fSH2 AJ. 7 ] #$ * a)) 3 O.S^El2] %4-£ -f ^fe %3.d\\ 

^71 71* ^1 iLSf ^*(6)* HlWfe «>*^5>tl.. 



^7l 7l* ^1 _2.*V =r*(6)* ^ >fiolAl^ o_s_j^ tfll- ^1^:0)1 ^Al-Ej^ A>7l * 

^ X l*\ =r sVM-^l ?Hs- *^ ^7^, ^-71 7V§ 4i7fl- ^ 

«oiAl?i7l T^f- ^*-i- t 1 ^^ 53oi u)-*als}cf. o|^. f-afl, ^ t # 7 )s. nflsii7f Sfe ^1 
JiS 71* f-^al ^-^1 J2.*H1 7lo]§V^ J ?- , a i r^» ^ 9Xt; ^Alofl tfl§ ^11^ f o) ^Sl-fe- ^-^ 4i 

7>fil >|2 iSV, *«1 ^ll 42: iSH 2]* *^2l S ^£ ^SFS. °1* c)l«- ^2: f-S] *S|- 

?H» ^Sffe ^7>^ ^Aj- ^5).o,| o]^ Tiia^sl-s; ^ o^cK o)S o}«H, s-g] j,^ 

£ 7l*-8- Tfll * 71 s. ofl^flofl 71* 7.fl^ol 7>^afl*c)-. 



£t>, ^71 71* 5.^1- 1^ ^*(6)£ ^<H£ ^71 ^ill *$O.S^-E-i^ f-Al- *^2) ^2]-^. ^Al7]7l $1$ 71 

^laS, Aj-7] ?)3.ig ^M. ?J$q±. %^ ^7># S1-147V Aj-71 7>-f *«}• £7fO] T^o] u^^sf cf. £Efe, 

Aj-71 71* iLSl-a.^ ^*(6)^- 2j<HS SMS] 3^2:54 SfufS] f^^jls 7^3°}, cflSf 5g «J *^ 

o] ojA> *^ cfl^= sgsj *#^S A>§^ ^ hi cq^jgD] ^/SE^ uj -1^7jo) JIi ^ Aj. 7 ] 

^ol£ «a$ol Aj-7] 7).^. ^.^ 4.^0] 5JO] H^alsl-ci-. 



SEft, ^71 71* if-* iS> ^.7.^ ^*(6)^- ^<HE t^SH g-i 7f$ ^a** 7>3lH, $3" SEfe- 5Efe <g 

# ?l7>S>e«l a o v 7 ] &i 7} .^ Tfls^s^ glf igSH^ir gi 7^ ;h7fSl-, £^ £^ 

1* °A7}^7] *\$r*\7} ^Wl*>fe Tjo] «}c}. Olff^ S-Sl ^l^-^li7l*D|^7l- Sfe ^11 

71* iSWl 71?]^ ^$^K» Ji^§ ^ f Aloll cfl^ f-Sl ^ ^].fi] 

7)12 **1 ^1 *€2l 7112: SL*M *^-2l ^ £5. ^£ $^-S. HOI. ^-«| *«)-7ill- 

^sfe *4 ^7f2] ^aj. $^q. g*|4| 4^ ^$^s) $^1- 5^. °ls $*B, **1 ji'flE 7} 

*-§- Tfll * 7jiL 7 ]3L D H^oll 7 )S. Hl /S c- 7l ]A]Jol 7^Sfl7jm. 
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3E#, #7l 71* ?4 ASV ^(6)£ -HS tB*8*Hr ^ 3^1 Afojofl $*|(ftB);3 oJ}^*4 ^-g- ^HlgJ-m, 
#7l qo]s: W %*r$) o] 7 y^ g^S)^]], #7] °]7Hf^ aJoJS. «} 

42) dtf ?i«a] ±^s] o] 7 y%ojz^ i # 7] %%^3\ ^-g. g-i^ £sw«] ^ 5^ «> 



#£€ * #*H1 5tt<>H, #7l *)U 4# X 1°1 550nm^cf *«.«f f # 7 j »h ^ q}*) ^3 ^v 7 ] 

^11 £Wr ^MS. #^2] °1±*V 4$ ^ofl 71°)S>^ #7l t||# 312:21 iL^^7l 2) 4 

SL*<! ^r#(5)-§- #7l ^ll ^AS^-E^2l ^t>l -f #JL<§*<H1 5fe 3°1 uf^-al §).£].. o]s ^ # 

^2] #4^21 #3 f-oii 7lo]si-fe 4<r*H- j±^t t m-^W, **i ^s. 7]^-g-o] # 3,4 71* °wi 

SHI a 71S. ycfl^ol 71-^Sll^Cf. 



#7l ajl #« ifl*l ^3 #C2.3.->MHS1 Z\ %4f0} SOf *s.oq #7l 4^ ji# =^(5)-§- Hfl^lSV 

fe SO] 1^3)*^. 

#7l *2 #«°LS-¥-Els| #4*0) if- -f 451-H #7f *ll3 ^^S.^21 %4r£ -§ j$z}x} * 



SE$, #7l 4^ a.^ ^(5)-8r *4J€^2l ^21 ^cflS ol^-oj^l 5)^ ^ 27 > ^3 Sj^-g- 5>fe 27fl2l ^ 
^7>7f #7l Sl^-fr lfl$=*HE* e^Sl-Tfl «l|*l« ^21- 7H°), #7l 271121 #«}• ^7>2l 7))g.fe #7l 4# X 

1 S^fil 4# «8«WH ^^-Ir-i- *AH 4>7l 27fl2) ^ ^fal 7.11S.21 ^71 4# A 2 e«j"2l B)-^ <>§<% 

^ \ 3 4^- ^«^o))a^ ^o) 7 } t})^ <^oi ^o] «>^g}c>. o|.e^ t ^ii ^2) 4^- e^2i ^-ovo] ^> 

tf- ^7kV2l ^OHI Slsfl S]^&>oS. ^11 ^21 3)-^V ^-g-oll 7lOJb-}fe Cfll- ^I2:(8)2l ^^^H- JL^§ ^ $i 

4. 



S^V, ^71 -ifl^SJ- ^(5)€- f-^^^21 ^2) ^tflS. o)+o]£ S|« 71-^)^, Aj.7] 5)^ ^^.o)! Aj-71 ^fl 

1 3-«0. S ijLE.l2) 121 X)l ^ol ojA>£]^ ^ijLoU Aj-7] »H 5)^^ a|cflo] 2)^^^- 5} 

21^^-21 33 *HM- nl, Aj-71 2)^ ?2o1| Aj-71 ^]2 ^o.S^S| 4^- X 221 >112 ^#<>1 ojAfSjfe rgq 
^ ^71 ^12 ^21 S\%#& ^cfl2l S|^^l- 2)^^-21 S)^ ^^1- n2. ^7l S)^ -*7l ^)]3 

£JfEl2) S|-^\ 32I ^3 ^Al-s)^ 7J °-o|l Aj-71 ^13 #4p2] S)^^ 2)cfl2l S]^^-^ Sfe 21^^- 

^ 2]^ ^# n3°l^H nfl, 



I nl I > 

I nl I > I n2 I > I n3 I 

°1 Tg^l ^71 2]^ #71 cfll- 3!Sf> ^<H£ sfu^o, ^-^Aj-ofl m$s\±: 7^0) aV^sl-c)-. 

SE*V, #71 ^1 1 ^o.S-?-Ei2l ^<L>ol -f s^ji #71 ^2 S #71 »|3 #^AS^2l f- 
#S.°)1 #71 3.% ^TiJ* «Pl«l-fe ^o] tiV^al§>cl-. 
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E4, 44 4)44 SL^g 44(5)4 4414^4 444 4<4§- o|^^I fi|g ^71- ^44 3<H£ 444 S)444 7}- 

4j2, SI 444 34 4241 e)n 44 44°!l 471-4 4^44, 
O bl = nl • (b 2 , • hi 2 + b 4 , •. hi 4 + b 6l • hi 6 + • • • ) 

6)1 filsfl ^44tt 4^4 f^S 440fe ^4^{o^7H, ni^ 44 ^]i £1444 44 ^ofl Aj- 7 ] ^ x ^ 

4 $444 ^-fofl 4^)44 44 44 k 14 444 2)444 5]cfl2) 5)4444 44 £1444 3)4 44, hi 4 4 

4^444 ^o|( imn ) ( b2i b4| b6i f . . . £ zj-zj- 2 4, 44, 64, • • • 4 43-4 44 7)14(444 7fl44^£ 
44)44}, 

PD = E ( - 2 • nl • b 2l ) 

°11 4*11 ^447? 44 4244 4*] (mm" 1 )7\ 44 4-g- 44*144 5)4 44*144. 
1.50 X 10 2 < PD < 15.0 X 10 " 2 

44 qS) 44 o|A o VollA^ # ;gi£ 71^ n|*|S] 7)444°ti =*)44^- 4^S) ^ ^^7]. 44*]7ll J£3 44 

°] 5)4 &.°4, £61 §f«l 44°1144 # ^li 7l-I~ cfl^e] ^ 4444<>1) 3^°) ^4 ^^71- J*4 4<y 

4 44 4^4. 

24, 44 4^4 a^ 44(5)4 40)3 4»fl47l- -& 3^44 4013 4*1 «r 4 44 ^Z^±S. 4^ 

4^0], 44 ^4s?4 vdPS 44 44244 4*114 v dN7V 44 *!■§■ 4444 4444 3 44711 £-3 

1 4 44. 

v dP > 55 
v dN < 35 

£4, 471 >0i 444 44°1 +inm 444^- 344 44 44 €^4 44 444 a.^ 444 44 447114 54 
^3 4*14 444 a fBoBj + CA 4 44 44 44*144 S°l 44344. 

I Af^ BJ+ cA • NAl 2 I < 0.15(u m) 



£4, 4 ^44f4H " 714 4*1] -SL4 2.% 44(6) S/2^r 7)4 4*0 4°) a 3 44(7)4 4*11 44444 (4^ 
4?fl)a.^44" 4, 34s. 714 ¥-11 5.4 5L3 44(6) 31/2^ 714 4*11 44 44(7)4 0)4 ^s. 4^4 
44^11- 4444 444 4 4 44 °I]4N ^^.4 ^4 ^/£4 7)44 4 S J44 *)H 4-2-4 014 ^^4 
4 4 44 444444 4 ^14 °W4 ^ a. 7l^44°fl \ * 444 44-^-S 444 34°11 44 447}- o.O 
7X rms °14(^4 4^44>Hfe 0.05X rms °14)?! 4Efls ^1445-4 44444 a.^4^ 34 7Vel44. 



444 4 4*H1 44*1, 47] 41 4 ^a. 7]^ nfl^ ^.7] ^3 % 7 |a. ^ 
7144 4*J4^ 0H1 4^-4 44 cfl4 4^4 ^^4 44 711444 44 NAl, NA2, NA3°14a 554 "I, 

NAl > NA2 > NA3 

4 44*171-4 471 NA14 NA24 NA34 7114 ^14/44 444 4h14-^s4, ^44 014 ^1 4 ^a 7l 
4 »W 014 413 4 ^a 44 °H^oll ^M.4 44 31/SE4 7))44 4*J4 nfl^l 444 ^]^4 db^4 44 7«4 
4°11 44 71144 44 ^/ffi4 7fl44 ^144 4 S 54 4 44. 
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^12 # 44 44 * 43 4 4iL 44 444 4iL4 t-IH 4*8S>fe 34*11 4 ^a. 44 

444444 371 7]- ol^O. S 4o^l^l ajrOjisL, CliH i-fHH iH^Kr 3B]- 444 31-711 $ 

t 1 5fl«H «l^!t 44 4 &4. £4, ^J3. 444 44-4 444 444^ 444 7H§W &4 4 

?m 44 * %%7\7\ 4<isRr a-i- #4t t 1 f^«H seflsg 4#-§- 44 4 saq-. 



#4 44 44/^© 44444 444 44-^ 4444 44 4-27)- %4?a 34^ s>H-sj S|^-i- £44, 

#4 42 # 4£ 44 444 3 it 21 44 4/SE4 444 4444 444 44 44 424 44 444 NA2S4-B1 
NA14 4444 #4 44 *fl4/4© =r44 444 4444 44- X 221 444 444 44-2-S 4^, 35/5E4, 4 
71 ^3 * 44 ufl^oll ^Jifil 44 7 ]44 4444 444 #7] 44 424 44 444 NA3A-5.44 

NA1°)1 444fe #4 44 44/4© 444- 4444 4# k 32) 444 444 «\2.£4. 42 4 $3. 7} 

4 444 %3.£\ *M 7)4* 444fe 444 NA1S . £444 a 44*H 42 44^44 2) 4# 

X 221 4444=. NA2S44 NAH 4-§"44 44 4© 444 444 44.44 444 42 4 4iL 714 °fl 

421 4-SL 7lfSl^iSSl #o_e.s. 44 4$ ^rtfO-sL 7l4*}4-. 43 ^ ^ji 44 444 4,44 

4^9 ?2/£4 444 4*344 444= NAl-S. 444*r 22141- 7WH 43 44 CLS444 44 x 

321 444 4444s. NA3.°s4>H NA14 4444 44 44 444 444 4444 #^f£ 43 # 7)^ 4 
421 3ji 7ls.^^o. SS ] ^^-o)i 7HSI-4 ^oo£ 4^- 4^ ^^-o-s ^^aj 
4^ 3X°-°S., -a-ldV 4^ *)*lt «A7f ^o] -8-^^. 



A J-7l 4^ 4*/^ft ^4 #71 41- 4«l-44 5U44, #71 4^^ nai4- #71 42 a.i 7i 

4 ^4 t22> ^7l 42 #^21 s|.# \ 221 2^7-121 4^ ^4-71- 0.07X 2rms^.cl- HJ1, ^/S&^, #7l ## 4^ N 
A14- #7l 43 23.3. 7] # Jf-4 t 34- #71 43 4^21 4^- \ 32I 2:1-421 ^^^47}- 0.07X rmsiicl- ^ ^4 



SEth ^>7l 4^ 4^/^S #4 42 # 7|» 4*W ^ J±s) 4^ ^/Sfe 7l^# ^*JSRr ^-f 4 #4 4 

# 312,21 ^ 4^ NA244 4-5-4-fe #71 4^ 4MS- <g^4 ^4.3 fe- 4^- x 24 #^-1- -f4 A l7l 
fe- -§-44 #4 4# $2:4 44- 44-=r NA2S.44 nai4 4-§-4^ #4 44- ^4 «8«H °J44^ 4 

# \ 24 4^4^, 471 43 4 $2. 44 444 ^^.21 4^ 444 ^44^ ^^4 44 
4# 4^4 ## 44^ NA344 444^ #4 44 44/44 444 444 444 4# \ 34 444 

444 #4 44 424 #4 444 NA33.44 nai4 444^ #4 44 4OTS- 4^4 444^ 4# X 3 
4 444 444 4# 444* ^£4 4^4°^£ s)fe-4, ^12 4 4iL 7^ 44 4 43 4 4^ 4^ 01144 4£ 
4 44 4/£^ 43.4 444^ 444 4J2- 444 4#4 4^4 444 444 44^ 444^-§, 414 4 
4 444 44 1 «A7> S14 44# 42144. 



#4 44 44/^«- 444 #4 42 4 4& ?4 444 4^.21 44 ^/se^ 444 444fe 444 #4 4 
4 4221 44 444 NA244 444tr #4 44 44/4© 444 4^4 4^f4fe 4# x 24 #44 #£2i s 
0% 4#4 4444tt 444 #4 44 4221 44 444 NA2S.44 NA14 444fe #4 44 44/44 44 
4 44°)1 °J44fe- 4# x 24 #44 #£.4 80% 4#4- 444^, 4/£&fe, #4 43 4 4JS. 44 444 4sL4 
44 4/ffife 444 444*r 444 #4 44 42-4 #4 444 NA344 444fe #4 44 44/44- 444 
444 °J4-4tt 4# x 34 4 44 #£4 80% 4#4 4444^ 444 #4 44 42-4 #4 444 NA3S.44 
NA14 444fe #71 44 44/4© 444 4^4 4^f44 4# \ 34 #44 #£4 80% 4#4 ^-4s>fe 4# 
^44* 4fe 44 44444. 



#71 44 ^1^/44- 444 #4 44 424 44s. 444 #44#4 4 A J4fe 44 w^sM, 44 
44/44 444 4444 444 4 5U4. 



- 40 - 



-£7fl^-*l -^2003-0030926 



7} ^ «H*°1 #7l ifl# €2-2) #^ 7fl ^ NA2 s^ NAH1 cfl^-Sfe <g*14 #7] t|)# ^2-2) # 

* 71)^ NA2*fl°ti tfl-g-SHr *tfS|<H 5U-2-^, #7l ^^-o(| ?]7l-3H #7l «*3#s) ^ £4 

21 Hfl^ ^-Efll- £tflt§ o.s ^iM^ o.s*|, #7l cH# ^22] ## 7 fl^^ NA2S-?-Ei NAHl cfl-§-*Rr #7l f-«g *1 

q-S] <g*j-§- f-afSj-fe #^2] ^^3). Aj-7] tfl# ^2.2) #<% 7fl^ NA2MH1 Cfl-g-sm #7j f-^ 3^-2] <^-§- f- 
^2) 44 S-^JlS T 1 5a^, #71 ^<H£ #7) ^ 

2:21 #<% 7 fl^ NA3S^fE-| NAH1 c)l-§-S>fe ^4 #71 rflfc ^2.2) ## rt^M* NA3*-IH1 cfl-§-*Hr «gq O.S. £ 

tSl«H Si-S-«1. #71 M #^°H ^"B* ?]7l-5H #71 -Jlj^ g*|-S| Hfl^ #Eflf- ^T^AS gSM £ 

#71 tq# #4=. 7fl^ NA3S^-E1 NAH1 cfl-g-^fe #71 ^q-21 <^«^ -f sfsfe #^2] £#£4 #71 

tfl# #4? 71?^ NA3*fl*H Cfl-g-^ #71 f-^ #^2| °§<SI-g- f-^fe #4-2] £#<g-g- 44 ^3 3 AS 5)A) 



#71 >B-=P- XlM* T#-8r #7) sO^si ## NA14 NA24I d)-§-sKr ^el7fll- #7l XI 1 

# ^.51 71-3. o(|^ C&fe #71 Xl2 % 71^- DflSflofl ^^.2) 7^ 7]^. ^SjSf^ ^ -fofl Z^a] 2£)7]1# 

7l7)HO.S ^ flE* T^^U. ^/SEfe, #71 Cfl# ^SSj 7fl ^ NAl4 NA30 ,] Sel7fl# 4 

#71 J|l # ^Ji 71S. oD^ £ ^ #71 X13 # 7}^ oflaflol] ^lifi] %/&^ 71^-3- ^^-ofl 2]- 

42) £El7fli- 7l?iiai^s ^ $X5m ^#S]^- 5J0I ttl-^SfCf. 



SE^-, #71 tIIt 1 Xltb/^«- ^r^-fr #71 XU ifl^l X13 #«AS-?-E^2l 4 #^o) af. *3q.*).fe ^-f-2) #s<>11 ufl 
^lsl^ 5l 0 l °1 ^-f^ #71 7fl^ Xl^S- ^r"S*- #71 tfl# ^2> <yxiS EJ|?Ji ^*Js>^ ^ol H>^- 

3)S>C).. o^^. e Bfl7j S.#^. <g^. + o^cf. 



##€ # ^-a nw, #7i cm- A o v 7l 7fl ^ NA1 ^ 7 |^. tl2} ^ 

^21 4# \ 12) S^-Al2l ^.^^1-7}. 2)^71- £l£^ ^7.} ^.^5)11, #71 Xl2 # $2. 7]*k °DXH1 ^^.2) 7fl^ ^/SE 
fe- 7l^# ^r*j3l"^ ^-foll #71 X12 7l# ^-7fl2f #7) XI 1 MS 7l# ^^]21 ^*fl2] SH°H 7l«a*V^ ^^S}^- 

^^^41" #71 7lJ@- ^^1) S>o] Ji^ ^O.S ^.^§1-^ f-Aloll #71 X13 # 7)S- oflXlol] ^H2| 7l 

^--1- ^-f^l #71 X13 iL^ 71$ ^^2> Aj. 7 | »H jjjt 7 |^. <= ^ i.}o]<)] 7l-?]5H "fi^sHr 

7-1--1 #71 71$ ^1 ^V°l M^ £L^3>^ 5Jo) «|-^-a)5].cf. al-e^A^ #^ cfl^. ^S. Xl2 S&fe Xl3 # 

71^ °11X|°11 £fe 7) -!=.-§- Uj|2l XU 71^^-^ tH tfltV 4 Ml 7]# ^-7112) ^}-o)S 7l°lSl-fe 

T^l-t- 21 §1-711 M^g § ^ janf. 



#71 Xll #^ iflA) 7fl3 #€<f ^*l£ 27fl2) #^£- -f^Sj-SH 9X^ S°l «l-^S>Dl, 012} ojX1^5>^ 
*t-$ #4t 4* 5a<H # #^1» l-'SmSl-Xl ^ Xife ^-Aloll Hj-g- ^^0)1 7Hf ^ °lcf. 

#71 71$ f-^1 A>o] ^1^4 #71 71$ ^^1 2.x} S.^ ^4 #71 #71 7l| t 1 Xltb/^ 

$ ^r^f 1 ^j^S 2711 2j^i^.sl^ ^o] u\%qz}t±. o]s> ^o] 2JX1^^ ^-f- ^^f- #^-t =r 5i<H # 
#^11- l-^S^Tll ^ -§Aloil al-g- *j#oll 7Hf ^ ojcf. 

S*!-, £ ^^°ll a^i- tfll- ^12, 71$ ^7|1 4°1 M^ M^g 71$ f-^n M^g 7B^ X1*V^ 

$ ^$^8- 44 ##$ ^ #*121 #«J-7H^11 3l-§-5^ Jjol 5>4. 



SE^;, -g- t^°ll 4# 7l^- 7fl^S #^1^ ### % #^11- f-7fl*H -§-# ^-## 7lS.g^J7 ( 

-§-# ^-#^ 7fl>S 7^£^ ^Aj£ ^ oflS AJ.^ ^. ^.^6|) 4# 4 # #^lfe, 
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£4 jihe?] *m # %a °i)*))4, dvd, dvd-rom, dvd-ram, dvd-r, dvd-rw, d 

VD+RWDf-2] 42 # 7]* WM, CD, CD-R, CD-RW, CD -Video, CD-ROM ^3 * ofl^l 
611 tflsV^ S^** f-efl°l<H £rr Sel-olM ^ o)l-ol AV7)7l, Sj^ 714 ^ i£ l&g f-S) 



1^21 ^ 5! 
(MU ^eh) 



£1**^1 ^3)2) tflf- SQS(OBJl)* 7p}=EsL, £1*1 (a)fe- ^^S,E12] (b)fe-^£, Eia) ( c )fe 

^■fr *N)$ °1 <31# ^S(OBJl)^, <41- •dr^l 5fl°l7l4 #^-g, Af-g-s]- 

c 31 -is DVD Ja^S # 4^HSh 21 41] hVE^ efl<>l^» 4-8-s>fe- DVD, DVD - ROM, DVD - RAM, DVD - R, 
DVD-RW, DVD + RW ^-2] DVD ^32] # *)±3LQ, 32} *JE^ efloj^l. C D, CD-R, CD-RW, CD-Vi 

edo, CD-ROM CD # z]^3.<t] cfl*H T-f- *HM3fc- cfl# $2,3. 3 *l 3 7]*M*$7) JE- 

SS'S *«<fl-M Sll°W-§- # 4^3*1 ^iL 71^^ 3*M7lfc 7|^# 7j-7-l H jUtj.. 



rfll- ^^(OBJl)fe Hl J r'3°l 27fl2l (SI, S2)-§- £fe "J^a, 2J#°1 WS(Sm v °ll^ £12] ( a )o)l E a14 

3*13 #^-§- f^AS. t> &tfl3*l S)^ ^£7)- $^£|<H o) 5)^ ^fe- S.121 (c)oll £Al4 3333 =efl^ 
31^4 go} 21- -g-dlsl ^TlH] ^JlJL 44A « &fe4. ^nfloU ©j^g 5 flo)^^ 3 £tfla| #^o)l ^a)o] Mj- 

^21 I^WHfe 013$ &cfl2l ^-^ofl ^a]oi ^oi n ^ jj,^- ^ «.^4 )0 |i eigfl ^sq^ ^o. 
a 3^4. . 



tfli- ^S(OBJl)* f-4^3 3^*Ma ^%=o.a *114t ^ cfll- ^(0BJ1)» ^^fe °Ji^°ilolEl 

21 -f ^^1^ ^ Si<>l i?li oflelM- sefl^j o)ielo|] cflsv tfl-§- ^S(0BJl)2l ji^^s. ^ ^c)-. 

^el. i D J-5ffe ^-^-i- *7ll ^l^sl-'a a># a^^. jg-gj) f-et-i^j ji^ES ^sffe ?H 7V^-5l-°S. ( 

cfl# ?!2:(OBJl)2l HAj^sl-14 T-iHl-g-SH. ^3.^ 5Jo] 7V^«fl^lcf. SE^V, f-a)->ie] ^flS.^ ^^o) a)A| 
$ ^S°J 5)^ ^» H^ES. #A}t t 1 Si<>1 iL^H) nhg- S)^ 3l^21 7iS}7l- 2}-^- cfl# ^af- ^ ^cf. 



tfl* ^1S(0BJ1)» -^El ^S)-^ if-E €^21 <^^# ^ «}-7.1 ^o ££i j,^^ ^. 

Cl^Holl cfleV 71^/7)1^^011 ofl^oHolE-lS.^21 y% -^6)1 S)«H #*121 ^^S. =L ^*^*o] <g 

^•Slfe ^<>1 Si^-. -8-3 7.flSfe -a^o-S. 400nm ^£2) ^4^- Eflol^^-ofl tflSV f-4-from tfl^ol &0_u 

s, Jiis * cfl# ^IssAi Aisi^o) ^ ^lai- £-§- ^ 5(14. ^(0BJ1)# -frel ^iss ^^4^ 

^■f^fe ^>^(Tg)«>l 400t: o)s>o] 0.3 x| al . Af-g-sH ol-g-* X14s>fe ^J°l 4^^4. °) 

2> #01 cflf- ^21. t§^«na -f -S-21 -fi-ej 7||aji4 ^ -8r£oiiA^ai 7^^l =s, ^ *]7}4\ ^o]4 -g- 
^21 ^tg^.f.011 -fr2l«II^H, ^42j^.s cfif- ^(i)fil t ol^^-frsl 7flg.afe^ 

ol4 *31AW 2i3ii *144^ PG375 Wa)4 PG325(^«3) *«>i «U4. 



£2fe ol tfl# «a(OBJl)l- a>-8-$ *s](PUl)# E^l* 7ME014 ^ 7142I ^7} 4^ 3^21 ^> 

cliH°J f-1 7l4°l 7>^- Sfn 71 s. ^ £7 f 7^ ^^S- H^E DVD°J »ll * c]^3(Dl)4, 7l4°l 0.6mm'?] 
DVD -??-^2l 7)12 * cl^H(D2)4, ^"S 7l4°l 1.2m m °J CD ^3 4- cl^a(D3)7V $U4. 
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# ^ #*1(PU1)& *ll * ^^H(D1)2) 7ls./ 7 fl^^. ^ »n #^o] BVHSfl £floj*](LDl)2h Xl2 * 3 

^3(D2)2] 7}*- XW-fr #-§- <tHl*}fe Xl2 £flo)^(L2)^, XI 3 * ^iH(D3)^ 7|^- XH-g. 

!M!*Hr XI 3 6flol^( LD3 )eq 3^^.21 HV£X) ^Hl^cll, 0)1- #51X1 aflo]*]i=. 71^- 

^V£X1 eW*|(Dl)& 4# 400nm Motf** uj^afrfe GaN^fl eflol^ojcf. 4# 400nm 3^2} 

afl°l»lfl-ir S-^s]-^ MIS #71 GaN3) 3*H 0 )«HS. 2*)- H2^f- oj-g-g. SHG bIM^S 

§H£ €4. U J£X1 H°la|(LD2)fe 4#650nm 31 °1 tHJsRr *H £EX1 efl°l*1°|°l, #£Xj $o) 

^(LD3)fe 4# 780nm ^£2) Sfrgtlfe Q$\ H] o] ^ o] cf. 



cH# ^a(OBJl)^ *>EX1 N°J^(LD1)S^-Bj Aj-tE]^ #sH°]lH aa(CL)<>1| 3)«B $4 Xll % C] 

^H(D1)3] f-^ 7l#-§- f- sfl ^a. 7ls.^ (Drl )A o Voil a)]! X1^(NA1)MHH S]^ $XlMl7> s)£S. ^^ja, 
^fl 2fl°l^(LD2)S.-?-Ei Af^slfe 1H+ #3-§- XI 2 * ^i3(D2)2] ^ 7^2* f-3fl ^ji 7l^^(Dr2)-*ofl Xl2 7fl 
T 1; r(NA2)Mloll^ 31^ ^7flxfl7V S\5m *EX| e^M^ (LD3)S-?-E-l A\%S\^ ^ X|3 # t]^3.( 

D3)«l f-^ 71^ f-tsfl 3s. 7l^^(Dr3)^l Xl3 7fl^(NA3)^^^ t>7flifl7|- 3#sH=- NA 

1-8- 0.80 0 1 A 0 H-H NA2^ 0.60 MM 0.65 NA3S- 0.45 tfl*l 0.50AS =H &r-).. 



°14 *M Xl2 * ^3(D2) £ X]3 # ^^H(D3)°)1 ^^.3] 7l^/Xl>«J-§- "M* ««H nfl# 42(0BJ1)4| £EX1 
afl°l*l(LD2) 35 ^SXl e1H*l(LD3)5.-*jMH a>#s]^ ^o) <y A ^ E s. §^ j=<3 7 ^ a ] if.#\£ »|2 # c)i 
H(D2) ^ Xl3 * c1i3(D3)«fl t|]SM -f^^ =r Sflt*. 



€a(0BJl)S) M*2l ^^(2)#o)l tg^ja 3]^ ^2^, sisj ( a )6fl Ea1| 53^^ ^o.s^ 
*H XU * ci^a(Di) M)*l XI3 * cl^H(D3)2l % ci^aofl 71-^/xi^-i- ^sjS)-^ CiHl W3£r NA3^<^1 
cfl-§-5fe <g^4, XU ^ cl^3(Dl) S XI 2 * <^H(D2)°1] ^^./Xl^-i- ^r*Js>^ iflofl A>-g-sl^ NA3 vfl^l 
NA2°fl cfl-i-sl-fe Xll ^« ^^4, XU * ^^3(Dl)°il 7)^/4^ <t*M^ cflofl A>^s]fe. NA 2 Lfl^l NAH1 ifl-g- 

A2 ^ ^^^s &^sl^ Sl^. 



350nm < X B ^ 420nm 



# d J-^a1 7) ^ 4^- \ Bfi] ^Al-sl^. ^^-011 2^V 3)^^-<>l ol^Aj- 100 o /o 5)^ aja^sH 5ft«^. 

°14 *«>1 S)^ Sl-SXI eflol7-l(LDl)S^-Ei #4?°] "943 ^-f^ 2^> ^^*<>1 slcflSl S)^ 
5>£S. ^S|ji t tq« ^^(1)^- o| 2 5V 5)^^-1- Xll * c1^3(Dl)Sl 7]s/ 7 ))^^- hj o.^ a ^a. 71^ 

(Drl)^ 3 W*. fEt>, 5fl°l7-l(LD2)S^ a>#^ ^A>slfe- ^^-ofl i^)- Sj^^-o) sjcflo] 5)^^ 

■I- ^AJjslJl, till- ol 5)^^ XI 2 * 3^3(D2)£l «ASA1 a 3j& 7)^(D 

r2)#ofl ^^tV4. EtK efl °l ^ (LD3) S^ aV#^ ^o] <aA>sl^- ^-fofl i^V S|^^-ol ^cfl^ 2)^^^- 

5>£^- «^BS|ul, cflf- o) is). S)^^ XI 3 * ^^3(D3)2l >i'AS.Ai a ^14 7 l^(Dr3) 



I n2 I = INT(\ 1- I nl I /X 2) 
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I n3 I = INT(X 1- I nl I /X 3) 
I nl I > I n2 I 2: I n3 I 

|INT(X1- I nl I /X 2) - (XI- I nl I /X 2) I < 0.4 
|INT(X1- I nl I /X 3) - (X 1- I nl I /X 3) I < 0.4 

(4, nl£- 0, ± 1 °14el ^^°1-H, INT(X 1- I nl I /X 2)fe X 1- I nl I /X 2» l^sH "94*1^ ^^°]^, IN 
T(X 1- Inl l/X3)-8rX 1- Inl l/X3i-4#^H £4*1^: ^t 0 ^.) 

# °>^Al?|£^ HV£^] £flo|^( LD i ifl*) LD3 )o| eflo|;*j#o|) cfltt nl4 Sl^#, n24 n34 
SI 443 S)4 44 4 ^ 44. 

°H» #4, 4£*fl efl 0 )^ (LD1, LD2, LD3)3 44°1 44 405nm, 650nm, 780nm?I X 4* 375nm-§r 

4^44, 443 4 Z]±3.3\ 7^W$%- HJS| S]^ jLt-fr, 

405nm3 24 £1442} Jl4 : 93.0% 

650nm2l 14 S]44el S)4 £4 : 92.5% 

780nm£l 14 Sj4#2] 2)4 Jl4 : 99.5% 

4 44. . 

NA3 NA2°)1 cfl-§-*m *l)l <3*H ^44 34 ^ol] E cg^o)] $,33 g)^ ^sq. a}&7}x}5., 
350nm < X B < 420nm 

* 4#Al?|fe. \ B 3 4°) <%A}s\^ ;g-°-ofl 24 S|44<>| ol^> 10 0%21 2]^ ^t-S. 4-*o3£4 ^^^ol & 

4. 



£4. ^12 ^4 4«HI *§44 34 4^<>I14 4^3^ 5)^^-8: *lll 4 cl^3(Dl)^l 71^^^. rflofl A> 

-g-sU >fl2 4 c]^H(D2) 5 »|3 4 ^H(D3)°11 7l*/^W* ^*J*Kr 3H14 443*1 ^)2 ^4 <9<3 

«H4fe- 4^*11 efl<WLD 1)3.^-4 AVfsjfe. s)^ jst-froi §^44. 444 *|2 =^4 <3«w *§44 S|4 ^ 
oil 4£*1| efloi*i(LD2)4 4°i4 44 s ! 4°1 ^434 24 s\*A%°] fes]4 100%3 S14 A-frs. 4^4£4 334 
444. 



a*, ^f- S^W ^« SI* 43^r 
405nm < X B < 425nm 



4 4^4?1£- 44 x b3 4°1 °J43£r 3-f<1 64 sj44°l feel4 ioo%3 s]^ jl^s. 4^3£4 sj^sj-sy^s 
44. °14 4°1 4^4 si* 42<>il 4£^1 efl°l*1 (ldi)s.-¥-b] #a>^ <y4sq^ ^^-ofl 64 si44°i 
S14444 4£^- 1H)£U, 4£^1 ^]°1^(LD2)S.^ 4^°1 <y43fe ^-f-ofl 44 S]44<>| sjcfls] s)*£% 

44 4^4 4^34 4E*11 sfl°l*l(LD3)iM L Ei 4#4 4^°1 ^44^- 34 si*4°l ^cfls] s]^44* 
4£4 4^44. 
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«H* eW*l(LDl. LD2, LD3)^ 4^ 405nm, 650nm, 780nm<?] ^*°1] X B3L*\ 4# 415nm 

405nmS) 6*1- ^#2] ft* ; 93.0% 
650nm2l 4*V 5)*! ft* : 90.9% 

780nm2] 3 *h Sl l^-s] sl^ ft* : 88.4% 

390nm < \ B < 420nm 



€4. 3^ 5flo)^( LD1 )S.«-Ei A>§^ jg-^ol ^ "-oil 8 *]- a|tflSj 



f-'S, efl°l*l(LDl, LD2, LD3)^ s±#o) 2\2\ 40 5nm, 650nm, 780nm<y 3-f °fl X BS.a^ 405nm 

?\ ^d^sl^ 442] * z)±3.2) US] 3^ ft**, 

405nme] 8^ 9 ft* : 100% 

650nm2) 5^ S)^^^ $a| : 99.9% 
780nm2) 4»> 93**1 3$ ft* : 92.5% 

71- 

^11 * *|2 ^€ ^^^1 *§^3 93 alll ^ *fl2 ^ <3^* ^13 * <^H(D3)£) 7l* 

^(Dr3)^Hl $£*B eflol^( LD3 ) S »Ei %4?d\] tfl*H €■ tWJ*7> -*f 7>£l5^ g^SH, afli ^ 

•fl <3^* f-^* efl°1^1(LD3)S-^El AJ.#^ #3* ^13 # z)±3.(D3)2\ 71-^/tW) A}*3fe ^£s} $ 

4M^|S, all 2 93 ^2* *fl2 ^£ <3^* f-^M *fl2 * 3^3(02)3 ^il 7l^^o)] E 

*£*1| M<WLD2)S*B| A>#3 #^6fl tflSH €■ T t 'S^Sl-7]-^7VSlE4S- l^sH, 7(2 ^£ <S^* *4 
Sfe ^Vi^l Eflol^ (LD2 )S^ A|.f.^ c^H(D2)2l 7}^4^d\) /(--g-s]^ ifo] ^^ofl 7H§H 

o]sq- ^-o) ^2 ^ qiH(D2) S ^3 ^ ^^3(D3)°I] 71=./^^* ^*jSHr «fl<^ 4*=)fe ^T 1 ^^ 

* f-^^r H2]S ^ ^<a^*}-«- *f-7\W *6ll^ 5^ 7\%-*4£>-3, 7fl^ ^]*Vo| ^sjs] ££, NA2 

31 NA3<^11 cfl-§-5fe aal7ll# 1E£ ^^lt «ft7l- ^<H^1°S. ^-^^ ^12) Ti^Ti 
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^^-l- =L ^^SfH *fl2 ^£ ^"Wlfe #51*11 5(| (LDl)S-¥-El 4#£ ^6)1 4*> 

5|^^-o| 2)cJ]o] 3)^^^- #£.3. ^ sj^ ^m. 2 7.\ S)^^* °l-§sm «|Sfl ^12 W 0 J°*o)H 

2} <WRr ^nUeJ #21-1- ^ ^ Xl^H^, ^-cHSJ *JaJ 5L*H1 tt}-# S]^ Jl-§-2) ^SfS «<Mf- ^ XI 

4. 42 ^<fi n% -?£2] o}^}^ &cfl7|£l2) ^jjUfe #5131 efl (LD2)S^-E-| a}#^ #4- 

2} spj-2) 2.5Hflo]HS, #51*11 eflol^(LD2)S-?-Ei aJ-#£) ^o) ^2 ^# ojwoll sja^ sj^ -^ofl <y Af 

Slfe q^oty 2*1 3)^^21- 2*1- sl^SH} # S|*Mfe 3*V 5|^^-o| 2>£ S^^OLS.tt^Cj.. ^2j- 

*L *|2 <^-§- f-^sRr #51*1| Bfl°l*l(LD2).sL- ! fEi ^#^1 #3^1 2l# f-H<H 24 ^^*<fl <4§- £N 

<H 3*1- 4-S- -izfl<H £el£)rr §-*H zj-zj-a] SK^ fi|3*«1| £M<H ^£ #£» 47fl 

ft =r &2-H.S, # ^#7l(PD2)°11^2l 3* ofl&ll- ^ oj,cf. 



Si#, °j<34 ^11 <9 ^ °fl A ife #£*!! efl°l^l(LDl)S-?-El a>§s) ^oi) cflev 2 *J- 2)^#°1 sf^l 
^ n 5)^ ^^«hH ^12 ^^ofl^fe «t£*)l N°1^(LD1)S^-E1 A l#€ 3*'r 

5l] 0 l^(LD3)S-!fEi A}.§^ ^2) ^^-ofl 1.5Hflo|°S #51*11 eflol^( LD3 ) S JfEl a]-^ 

^12 ^ <$n°\] 3)^ t 1 ^! "^l-Slir ^-f^l 1*1- IS]- Sl^^-tic)- 3. 2]-£5. S)^§>fe 2 ^ 

$\*l%o] 2>o. ^ £ o] S|^^o.S ^A^cJ- tt}-5M, ^12 ^€ 'S^l- -f-4Sfe #£^1 e»°l^(LD2)S-¥-Ei a].^ 

Z}-2] 5)^^-0)1 aje> ^efl<H A^£ 2J- £1 . 4^ ^ ^ SX2-2.1L, % ^#71 (PD2)°)1^2J Al^o) ofl el» 



«i ^l-HlEi(BSl)» ^ ^ r -t£H°]S ?!^(CL)°11 ^sfl *3 ^-#JS-S. "£«-£]H, «J ^#e]E-l(BS2), 



El(BS3), sg^" >a if-^Ei(BS2)» -f-^V ^efluflolE ^s(CL)^] ^*fl €«-s1<H U J 

E1(BS1)°11 21311 HVAfSjaJ ^^(CYl) 3! 5.=- ^3(N1)# -f2}.*H Hl^T^^-o^sioi % Zj#7l(PD 

^#^14. ^eli, % 3#7)(PD1)21 #^ a]^ 01^.5;].^ 41 % cl^=L(Dl)°H ^ 71S-/7H-I- 



42 % £)^3(D2H ^ ^^/AflAa^. 3-2-011 5flol^( LD2 )s.^ #a>^ ^aj- Q4rf. 

wj ^»elEi(BS4)» *4tb ^, H J ^#31 E^(BS2) °)1 €^ a J ^-&elEi(BS3) % ®& 

*4« ^# ^^(OBJl)^ 2l«B ^12 ^- cJ^ 3 (D2)2l f-tg 7l^# Jgji 7l (Dr2) ^1 
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3(BS3)# S4£ D ^§al«M(BS2)4| $n ^€ <S ^#^E](BS4)«fl *_HsH 

% 3!2(CY2) % SL% SQS(N2)1- f-^H «lfl^»l-7V ^jHsH # 2#7l(PD2H *Hr€4. 3SJJ1, * 3#7l(p 

D2)21 #^ -tfii* °l-§-*H ^2 * c]^H(D2H ^ft ^is] 7l^fl^# ^sj^ ^ 

43 % c|i3(D3)«H cfltb 7l^/7f|^-g- ^flSfe ^-fofl #s.tfl Bflo)a| (D3)S-?-El ^aV #4?,g. 

aj i#^Ei(BS5)l- * 4$ °cj ^#^El(BS3)^l SW ^}s\JL, £^^^1 2S]7l|# -f^ 3s ifl* « 

^(OBJlH *|3 * 3^3(03)3 ^ 71** -fsfl ^Ji 7l-s^[(Dr3) A cHl ^#£H ^o] ^^^cj.. 

ae].Tl, ^Ji 7l*ifl(Dr3)«1H 3)Hol| o]g)) u_Uf c+a1 cflf- ^S(OBJl), ^-Hl- #4$ « 

# aj i#E)El(BS3) 3> H J ^#^Ei(BS5)^! ejsfl l^h* ^Sel€ €^(CY3) % 2-?r «a(N3)» §4 
*H »}%^rx}7} ^^<H * ^#7l(PD3)ol| *r^€4. 3 a] 51, # 3fc7l(PD3)s] &q Ajjrs. oj-g-tH z))3 % 3^ 
3(D3)o|| clltV 3 71^^)1- ^*Jt =r 5tt=h 

#5)$ ^](PUl)fe eflol^( LD1 )2f cfl# ^)S(0BJl)2l AH, *E^1 sfl°H(LD2)S}- cfl# ^a(OB 

J1)S) ^ eH^1(LD3)sq- cflf- ^2 (OBJ 1) el aH^I z}-zH ^SfH £Aj5]Al 1/4*^-** 

4. 



£3* £ ^Eflsl c})l- ^12:(0BJ2)» 7fl^£S, E321 (a)fe- £3^1 (b)^r £3^ ( c )^ 

^<S-§- <y-¥- °1 4# ^(OBJl)fe, «fl# 1-^ ajESll eflo)^<4 ^ ^-3).^- a). -§-§}- 

fe- Jl-as DVD H'flS ^ ^^Hfi)-, hVE^) eH^l" Af-g-Sl-fe- DVD. DVD-ROM, DVD - RAM, DVD-R, 
DVD - RW, DVD+RW f-S) DVD -ff^sl ^ =1^3^, *VIE*\] 4°V4^ CD, CD - R, CD - RW, CD - Vi 

deo, CD-ROM CD % ^^3.^ c))§H f-^ tfl# ^1^5. ^^E^-tl-Tl) 7is-/7fl>8el-7l a J" 



cfl# ^!S(OBJ2)fe 27fl2] ^"^(S3, S4)» Sfe ^ll ^ ±A{U)$r 27^ *^(S1, S2)% Sfe A 

2 *«t i^(L2)S ^€ iqi- Hl^o] >fl2 4i^(L2)2l ^^(Sl)^^ E32l (a)ofl ^] 

1 tfo] ZJ- ^-tflSl 7j7ilo)l ^ « ^fec}. ^-cflofl oja)-* Sflol^^ 3 *cH SI AH S)4| 



7111 ^ ^HLDS} ^H12 ^ ^Af(L2)^ ^^(MH S]*fl ^(«-g-)Sl<H 5(1^. ^-¥-(M)fe -g-^-§- <>1^ 
^ iA>(L2) A>o]Sl S) SI ^olu). y-%2\ 3f\S\ J2^^ ES ^ ^4. 



till- ?!S(0BJ2)fe *H *£^1 m^S^-El A>#sl^ ^vaj. ^.g. dvd 2) 71^^61) qs) hv e ^ 

aflolA-jS.^-E-1 AV#H]^ #A_V CD21 ^ Ji 71S^a o >o11 ^#*V^. ol2f ^-o] nfl^- sQaofl ^Af %4-o] ojAVElfe ^ 

MHfl^ olleloll S]^ an^l-71-^71- o]^ Esfl?J oflejofl ojgfl HV£7fl Eflo^H «*^<fl cfl 

«flAi cfl# ®*7\ ^^s)^ wj-^ol cfll- igsel ^-2l#^($iil^fi) 0 l Si 71 nfl^-olcl-. ^A^ hJ-aJ. <yAH^ 
Af-g-Sm ?!S2l ^TlH $X°]1 SHfl^ ^7) SlsH ^21 S.Aj(A>j, S.Aj )fi1 a^sft a.^«fl f. 

tHa)^ ^^=ol ^4. tf|^ f cfl# ^!^(0BJ2)°11^^ Till ^(Ll)4 *)12 ^ 4iAl-(L2)S. ^sjfe- 
«2S fl^fl-OLS^, ^711 ^>*E(*^s; ^r)l- feeln DVD4 CD21 ^ ^Ajs) an^jff -y=Jl§> 
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711 Ji3*H DVD4.CD21 714/tW°U 4^4 4 5U4. 



nam, 4 c}i£L4 4°1 cfli- ^221 711^71- 0.85 433^ 3-?4|fe- 444(44 44421 444) 

44-§T<>l 4)*I144. 4°) 414 444*11 431 4*1434 4^ 3|*14 D fl4 W U 



44 £44 ^^§>7l °1444 ^*g4 SPDT(Single-Piont Diamond Turning)^ 4&14 4 4 

oloVg-n ^olSfi 444'ir 4U £.£ *1I4€4. aa)i4 SPDT<H1 S)4 7j"£°ll ojoj^, 4444-efl jl|S)7f 4 y ;§ 

-S-cH 424 44 njA| <H44 ^^Hr 34°H 4°144H 4°l^fi1 44 ^4°1 #*H 443^£ °J*H 4^1 

fltf 434 44°11 2)4 aW*!**! °14 *144 &47\ 44. £4, isa1dtacH3)s+ o)|*j^. 444<*| 34 

sHr 4°1 1 ^ 4<N^ *fl4 7l4°14 44 wj SS)- 7144 S^^E. tf]6|l aj^g. 44 .4.40] 4 

4 4^?] 31, JH^IS c]±3.% rfll- $24 40] ^o] s 44440)! ^1^1 ^44 4fe 43" £44 71144^ °il4 
44 £4« Af# 7^^ 7) o]^^ ^-<g-g- ^al-ev o))^ tins]*) ##4 



444 43H SPDT»11 2}4 71-g-oll $Xo]A] flA o V jd.^ «.g.oll a|$ 2 flo|^ gsj -g. ^Sf7f ^^l?)- S^) 

&-§- 44 Wl 44 4°144£. 4°m# 444-°:sL*l n|^) 343) , 7 ^o) 7l#*j 7)4*11*1 

714, 4°m^ 4^ 7>j|4 71444 34 Hj 7144 %n 4-§-o] <*4 4444°11 o|4| ^44 44 44 4i42l 
^1-3W4 44 £44 44 ^IsW 34^ o|-8-sl^ ^|a^oi 7 }<£i\°.3. 7}^n7.}^ ^^-45. ^-i;oi <ye> # 

s\x] 7 } ^ u ^£2] &nH ^^4^ -a-ifl T 1 ^^ TftSV ^-§o)| 3]^. <g*j:ol 5H*]7l nfl^-o)] eflo] 

^^-2] 7,14^4^^171-^-4. 



tH# ^l2:(0BJ2)°HAife ^11 #4^4(L1)21 4^1(Pl)(mm )4 ^12 ^"4 4i4(L2) 2) 5^ 4*1(P2) 
(mm 1 )!-, 

I P1/P2 I < 0.2 

» 4#7.i?i£s ^^4n ^4 ^4-a(si)^6)i ^.3.71- ^aj^ ^12 ^-4 i4(L2)2l 4ir# ^^47fl 

^cfl ^-2:21 44 -^-^lAisl n^4 ojev efloi^^-s) ^ 7.^41- 471I 4fe ^1 ^4 4, 

4(L1)21 7fl2 %4 4i4(L2)#2l ^'SCSS)^ £471) ^4-2.-£.*l cflf- ^2:(0BJ2)2l H7fl^^4» E£ 

4^4. 

4*e|, 7412 ^-4 4i4(L2)2l ^ 4^°1] ^4 Till #4 4i4(Ll)2l 4^sl al## htII ^7j^o.S^ 

4-§-# Tfl^siH ^ili ^-4^4(Ll)7V^u|7il 4°11 44 cfll- ?1^(0BJ2)21 4 ci^n^sl 444(S4)# 4*1 
>4 4-a°l -f 44^ fe°|7> 5S^U, tfl# ^1^(0BJ1)4 ^°1 cH# ^ o.^ ^ ^ Ee] ^ 

^£11-4^4^4. 

4*ei, 7112 44 4i4(L2)2l 4^-1 (P2)^ 7il2 44 ^4(L2)» % 44«^ *Hl 44 ^4(L1)°11 ^4^^ 4^2] 
"WH ^-^d 0 ! *-a°l sl£4 £344. 444 444(S3)2l 4Jl ^l»ol 44*1hs. tiu 44 4i4(Ll)2l ^ 
4t11 4 t 1 5ft^. °H 44 ^2 44 i4(L2)2l 21^e 44^i fll# ^ls(OBJ2)2i ^^4°1) -n-s!44. 

444(Si)«^l ^^4 s]^ ^Sfe- tfl# ^!a(0BJi)2) 444(Si)4°ll ^^4 s)4 4^4 -S-2J4 a>ji 4^0)] 01^ 
£^slss, <^7lA^ a 4^4 4^^- AJ444. 

H4fe ol €a(0BJ2)» 444 4 3^ 4^1 (PU2)# 5LA14 7fl4£°14. 
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4 4JaHs] cfll- 424Wfi] Bj^^ HMW-X^, *MS! h(mm), WS^I ^f- «v^* 

l 



4. 

2 



Sl-^ ol^fi] JE £^ E^ofl^fe- 102] ¥*2) 1.^6)] E (SEfe e)# °l-g-3W, <*# E-02(= 10 " 2 )&]■ 

Eft, 4 ^Ajofls) zj- fla 4|o]E) r (mm)€- ft^, d(ram)r <S #3, NX 1 , NX 2 NX 3-fr ^ 4 

#X 1, X 2 51 X 3°lH2j v dfe d-a«H^a) oj-ufl^s. i+eJ-hH<*. 

^-g-O.S. #£ft -41*1 (^12 ^A) ^^))0)) aj^-ft ^loflf cllS. ^ftl}. 

(afll^H) 

«2 tiM^f- i4^^|i ^aH^,££3 ^Efla) tn« ^(OBji)s. #3-^*1 i^ 
(Sl)^l ^nfl^e] 7-^7} q^o] sfltj.. 4 ^aH«!| *ffla^r »|l * c^H(Dl), ^12 * t^H(D2), *| 
3 * ^3 (D3) <>fl tfl ft Af ^ zj-zj- 

NA1 = 0.85, X 1 = 405nm, tl = 0.1mm, ml = 0 

NA2 = 0.65, X 2 = 650nm, t2 = 0.6mm, m2 = - 0.03 

NA3 = 0.50, X 3 = 780nm, t3 = 1.2mm, m3 = -0.14 

NA3VW cfl-g-S>^ ^ <£ NA3 ifl*l NA2^°11 ifl**fe ^ll ^ft <8«W 3^ ^j. x B 

4)a)$ ^ nBfe ^4 X B = 415nm, nB = 6°H, NA2 ifl*l NAHM ifl^fe. ;Hl2 ^ft <8«W 
^2] ^^S)- 4# X ^^Sl- ^ nBfe WU = 405nm, nB = 8°M. 
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4^1, "g-f °m "A *)U ^olHfe iSflo1^( L Dl)S-¥-E^ A>#^ 405nmS] eflol^^-ofl cfl^ 6 ^ 

«V£*|] sfl°l^(LD2)S^ 650nmSl sll°l*l#oll cflev 4 ^ s\%% t efl°l *1 (LD3) 780n 

m °l Eflol^^-oil 3 *j. zfz]- alcflfi^ s^^-g. ^S]j2, *ll2 ^>fi "S^Hfe ellol^( L 

D2)S^ 650nm2l slM^o)] nflS! 5 5\- #5.$ efl °) 7] (LD3) iiL-fEl 4#€ 780nm2l M°1*UH| 



ol<4 £0} 5)^ ^ 2 ofl x 1 in} 5nm ^| 4^. 4i0nm2) ^H^ol tyM^lfc £52] (a)«fl ■^'fl^E. 

(^^H)611a1 ^ ojfe 5)^^ £ ^aH|o] ^.g. ^g^afe ji^J JjL^ ^iLsL £#$4. °H1, £ 

21 cfll- ^}So)]Ai^ «JJ i5H^7F ^Jo^lfe- #<$O.S ^^-sffe d^a) SJ-^J- Sl§^# #0.3.^ A 

1 iH} 5nm *] 4# 410nm2] "fl 2 ! UJ 1 £^2] &*Hg=(A CA)4 #71 4# X 1 S.t\. Snm H 

4# 410nm2l a|«l^*«>l °J4s1a1-§- "|Sl NA1°U cfl-§-SKr p^^ #A}2] ^^(a SA)°) 



- 1 < A CA/A SA < 0 

SI mm ^^lES. ^-ofl m-aj BV £ ^)1 aflo|x-1(LDl)7> ££ 2j o.*j£. 3$ #3 flSlSj ifi3W ^Tfl ^aflJgi 
£t}. «^7H, «] i^^Sl ft** (A CA)-£- £52] ( a )2l 405nm, 410nm2] nsfl = 2] 5^2] ^0.3. v+e]. 

#^2] ^%=(A SA)£ 405nm2} aifl£f 3 s^o] 4i0nm2l 3Bfl = 2] Sj-^oll 3 21*14 
*1 J|«J ol*Aia* °fl2l aJflSS] ##4 410nm2l 3511 = 2] #^43 #O.S v+Ej-ifl^^t).. 



a<£ell, cfl# ?1^(OBJl)ofl SU°1^i *W e% 4*1(PD)I- 3711 ^S}^ 4# X 1 ^^2) 

S>7fl SL^g ^ eflol^(LDl)2l ^»11 ifl* ^#^21 <£# 7 \ ^S. ^^f- ^ ^0.4, 

4^ x 1 e^2i ^ -ai^v* ^*i «i3«a 4# x 2°n^l 4^ x 321 an)- ^^21 ^^V^i- a.^ ^ 

H)ol S>£^ sllol7-l(LD2)M- ^-£^1 5W*l(LD3)2l ££fH cfl^ ^^^^fil ^^-71- AZ % ^3.^ % 
cl^=H tfl^ ^Ji2l 7l^# ^flS ^Tfl 1 -¥-al7> 



-5.0 x 10 2 < PD < 2.0 x 10 2 

1- D J-#Al7] E s ^^fO S < ) j i Hl E ^|) eflol^( LD2 )i4 ^-£3)1 Eflol^( LD3 )^ £ c ^.ofl cfleV <g^. 7 |. ^ 

£52) (b) $ (c)oll ^^sV£6flA^ <§■ o^^ ^^^^ ^2 ^ <g^^- f- SJ-Sj-fe. ^ o] ^ (LD2) 

S-¥-El 650nm2l 5M*1#£ ^12 * cl^H(D2)2l ^a. 71^.^^.0)1^ f-Sfl^ 53 

^12 <^^# f- 4«V^ £flol^1(LD3)S.^-El A>f-^ 780nm2l el]o)^^ ^ cli3(D3)2) ^iL 7^ 

^ A o v °llAi #^|<H ^S-o] si S.S., NA2 H NA3=fl tflt!- Tfl-T- ^ltb°l 4f-^^.s ^fl^t^.. 

mr 

*fli*MH 

1 = 405nm<y ^-f 
2:^ 71 El fl = 2.00mm, tf^ 7fl^ NA1 = 0.85, ^^«11^: ml = 0 
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2 = 650nm°] 3-f 

2:3 TIE) f2 = 2.07mm, ^ 7fl^ NA2 = 0.65, 4HMI* m2 = -0.03 

3 = 780nm<?J 3-f 

3:3 7]Q f3 = 2.07mm, AT^r NA3 = 0.50, m3 = -0.14 





rfn) 


(Mm) 
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tlO W.'ll 
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h 
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dl 
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£2°)1 cflolEil- 44^ ^12 -feUHfc- 4#€ 41*1 ^EflS] OH- ^(OBJl)S. -fs}.^ ;Hll<S(S 

l) A oHl ^-cfl^ ^££4 5U4. £ ^.aH°1 ^ # ^ # c]^3(Dl), ^]2 4 ^H(D2), ^13 4 

^ —3. (D3) °)1 nfl $ Zj-Z]- 

NA1 = 0.85, X 1 = 405nm, tl = 0.1mm, ml = 0 

NA2 = 0.65, X 2 = 650nm, t2 = 0.6mm, m2 = -0.02 

NA3 = 0.50. X 3 = 780nm, t3 = i.2mm, m3 = -0.15 

3. #%ffcl 5U4. 

NA3^°1| -^-f <83 % NA3 4)4 NA2MH) cfl-§-§Kr ^1 1 ^£ ^^ofl ?23] S]2}4 44 X B 

4 *134 4*r nB^r 44 A- B = 380nm, nB = 2°H, NA2 ^4 NA14H cfl-§-4£- ^12 44 
^£2] a) 34 44 X B4 *Hr nBlr 44 X B = 405nm, nB = 2°14. 

444, 44^1 ^Jfl 3)4 -^a^H^r hV£^)] zl]o]z\(im)3.*f-l] 4#€ 405nm2] elH^Wl 3)$ 24 3 

4.4, 4£*fl ^1°1^(L.D2)S.^-E-) 650nm2l tH*l i*}. 3]^^-, &flo| *| (1^3)^4 

780nmSl efl oj 4 %6\] ^ *H 4 3 4 4<>) 44 3 =11 2) S| ^ #sg=-g. zi S s. ^ ^ ^ • 

4*4 £ ^Alo)l^ nfl^- *|$ T^asj 44(PD)1" 

0.5 x 10 2 < PD < 5.0 x 10 2 

# 4^4 ?1 £4 ^^fii^, Hlt^l aW4(LD2)4 M°14(LD3)4 f r o)] cflsi ^-cq <g^ 7 j. *j 

447fl 444 ^£^5^4. 

5E$, £621 (b) ^ (cH £44 ^^s^ ^ oj fe 5 i^^ i ^2 <gq.g. f.44^ «V£^1 sllol^(LD2) 
4#4 650rim2l Efl°l*14£- ^12 4 ^^3(D2)^ %3t 7)444°)14 #sfl4 ^-& 0 ) 4^1, afll <3<3 * 
^12 ^ <i^-i- -f44te Bfl<>14(LD3)S-¥-6| 4#4 780nm2} sflo]^^ ^ 3 # c]^_3(D3)4 $2. 714 

44°114 £M4 4£°1 4-E.S, NA2 ^ NA3°11 'tin 1 ^ItM *h&3££ t 8 J44. 

IS.2] 

44 X 1 = 405nm , y ^-f 

71 51 fl = 2.00mm, 4^ HT't NA1 = 0.85, 14»1li: ml = 0 
44 X 2 = 650nm?l ^-f 

^ 71 si f2 = 2.07mm, 4# 7fl^^ NA2 = 0.65, 44«11i: m2 = - 0.02 
44 X 3 = 780nm<y ^-f 

a3 71 Si f3 = 2.06mm, 4# 7fl^ NA3 = 0.50, 14afl-§: m3 = -0.15 
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(*I|3^H) 

£3^1 ^12: cflojEll- i+e^ *fl 3 4j*Mfe 4jAl ^Eflo] ^ ^s( 0 BJ2)S ajajo] c)]f- oJ^Sj 

£ ^« ^2 £*}(L2)?! «2£ sat)-. £ 4UHa) tfl# ^l^fe *)l # c)^H(Dl), 

>82 * ^H(D2). A2% =i^3(D3)4| ^tb 44 
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NA1 = 0.85, A. 1 = 405nm, tl = 0.1mm, ml = 0 
NA2 = 0.65, \ 2 = 655nm, t2 = 0.6mm, m2 = - 0.04 
NA3 = 0.50, X 3 = 785nm, t3 = 1.2mm, m3 = - 0.14 

NA3MH tflMr <m S NA3 tfl*l NA2MH ifl-fr^fr ^ll * NA2 tfl*l NAHl <fl-g-*fe *fl2 ^ 

£ <3^°fl S)^ T 2 -^^ 2)3$ \ ai^fl- *V*r nBfe ^ \ B = 380nm. nB = 2°}t±. 

4eH, 4^21 <3«o)l $43 43 ?24Hte HV£^] 80°l^(LDl)S.-?-El 405nmSl Efl°];WI c}]*V 2*> s) 

#E*0 Bl|ol^(LD2)S J ?-El *M^1 655nm2} eflol^^-o)] tfl# aVESfl efl o] x\ ( LD3 ) s j^.e) 

785nm2] N«>|^^dfl cfleV 1*V 3^#°1 4^ ^2] S|^^-§- #E-!| g^c].. 



o)S). £oj 433 \ i jitj. 5nm *J 4^- 4i0nm^ B| a l^*°l £72] (aH £*1€ ^^^r^£ 

(<S^*l-£)o|M <g ^ flfe £ ^AHIS} efl!- ^2] ^^*Rr Jfroj O.S «H, £ 1^1 

oflfi} cH# i^l^Wfe «] £?^7> a-«>M=- S^Vfe ^*>a| s}-^ fi]^-i- S^s*), 

X 1 H.4 5nm 7j 4^ 410nm2] a)°l*UW $-g- tfs] 4| S^aJ £SH*(A CA)4 #7] s|-# \ l ilcf 5nm 

7j 4* 410nm2] efl°l*l#o] SJ^Sl^* nfl^ NAH tfl-g-sRr #4i2] ^^(A SA)<>1 



- 1 < A CA/A SA < 0 

?! g.oq n^aj. e flo ]^ (LD1)7V jas ^# o.^ £ #3 s^s] igs^f a^l e)43 

0.5 x 10 2 < PD < 5.0 x 10 2 

» e)M*l(LD2)4 efl °) A (LD3) 2] S£ t||$ 1*71- *1 

q-^lTfl sf£t}. 

£72] (b) % (c)°)l £*1€ ^^^r^E.^!^ D: =r $*\%, 42 ^£ ^-§- f-^fe ^VE^ slWl^(LD2) 
S^E1 655nm2l eflo1^^^2 * c]^H(D2)2l ;gj£ 71^^41^ #efl^ ^^.o] sjji, *]]i <g« ^ 

^112 ^£ f-3f3l-fe «VE^1 2fl°l7.-l(LD3)a^ A>^ 785nm2l zflol^l^ ^)]3 ^ ^^B(D3)2l ^14 7]^ 

fl^MI-H t^<H slS-S., NA2 S NA3<^ cfl*l 7fl^ ^^o] ^f-^ o.s t»J€4. 

[S3] 

*fl3^H 

4*M- 405nm^l ^-f 

:M Tie] fl = 2.05mm, 7fl^ NA1 = 0.85, ^-&Hfl-§- ml = 0 
2 = eSSnm"?] ^-f 
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2:3 7\t\ f2 = 2.14mm, ^ 7W*t NA2 = 0.65, l^Ht- m2 = - 0.04 

3 = 785nm<?! 3-f 
2:3 7\Q f3 = 2.14mm, A o v ^ 7fl^ NA3 = 0.50, ^ A o v Hfl-§- m3 = -0.14 
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X4°fl 3!^ «IM3f- H-e^hE ^14 ^Hlrr *H ^Efl2) cfll- ^1S(0BJ2)S. <fflS.sL, °^2] 

an 42 %q ^}{L2)9l #5^3 9X^. £ ^H^l tflS »|1 # c^H(Dl), *fl2 

% 3>iH(D2), *1l3 # ^H(D3)°11 tHtMV°<M- *W 

NA1 = 0.85, A. 1 = 405nm, tl = 0.1mm. ml = 0 

NA2 = 0.65, A 2 = 650nm, t2 = 0.6mm, m2 = -0.11 

NA3 = 0.50, A 3 = 780nm, t3 = 1.2mm, m3 = -0.20 

NA3MH tH-8-*fe -^-S- <3<3 ?j NA3 ^fl^l NA2*fl°)l tfl-g-sRr ^£ <3<*H 335}- A B 

<4 a)a]2j- ^ nB^r 44U = 380nm, nB = 2°H, NA2 vfl*l NAHM tfl-S-sfe ^12 <S<^H 5\*4 
T2i2\ \ B fi)- s|*]3j- ^ nBfe ^ A B = 405nm, nB = 3<>|cf. 



ofeH, <83 ^ *fll <r<£ ^^HHtt eflo]^(LDl)S^ 405nm^ tfo}*\%*\] cflel 2 SV S]^, 

HVE^fl eH<>l^(LD2)S.-¥-El A}#<z} 650nm2] eflo^Wl ^l 1*1- Sl^, 31 °1 *i (LD3) S.^ Af#€ 7 80n 
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D1)S-^E1 a^s] 405nm2l sfl°l*Wl ^^3^ >&£*fl sfl °1 *\ (LD2) -S-t 1 - El 650nm2l efl°]7Wl 

2*1- 2)^, ^-£^1 eflol^(LD3)S.-¥-El 780nm2l sflol^ofl cflev 2 *V ^^fl-o] zfzj- sltflfij s)^#D=-°r 



4- ire], £ tflf- ^afe ^12 # 7]*kW6& nfla] ^^Hfl# m 2, *i]3 # £\^3.*\] 7}^/^\^ 
# *r*3t «fl^l ^«l|-§: m3°ll tfl*!- 3^ ?2S] ^ 4^(PD)», 

0.5 X 10 " 2 < PD < 5.0 X 10 2 

» -L^l^lS^- 4^% V -<L3.*1, «VH^] Bflol^(LD2)H- 1>£^) 6flo|^( LD3 )^ .g.o|] tflel <g^. 7 ^ *| 

4*1 Til ?H*1 8^ *>$4. 

£821 (b) U A (c)°ll ^^). E o)iAi oj- - oj^ ^ ojo^ eflo]^ (LD2 ) 

5- ?-El AVt<2l 655nm£] £flo]7i#£- ;Hl2 # ^3(D2)S} 3 A 7m<S A <HH f.^ ^§o] s] jt, ^ t ojo* * 
*1l2 ^ °j<^ -f 44rr >££*I1 5)H*1 (LD3)S^-E1 A>§^ 780nm2] eflo]^^ ^3 # n]^H(D3)e1 $2. 7]^ 
^aVo)|a^ -f^o} ^^.o] NA2 5 NA3°1] tfl*V 7^ ^l^ol o. S ^dj^t}. 



^SH, ^H)^ ee|?J o)lelo|l sjsfl hV£S11 sfl°1^2] %#%d\] cflsH 0.2mm 3£ £^€4. 

0 13£ ^1^1 *<& #^-§- 0 d4^l7lfe 3-f4| *-*^<>l clli- tflsH 0.2mm2l ?>fe ^l-l-^H 

4fe 3W tf>3-$4. £ ^HlS] ^1^2] 0.2mm2] i^Uoll tflft ^T^Hr *|2 % ^±3.«\] tJ]8)W 0.025X 2 
rms, ^13 # nflslH 0.033X 3rmsS., ^ ^.g. ojAfAl^ 4-g-sl-fe- z\}2 % c]a 3 4 ^3 jg- c] 

nflsflAi o^el EBfl ? j o. oj^ oj^ 



[S4] 

«M = 405nm?] ^-f 

7]^ n = 2.20mm, 7fl^ NA1 = 0.85, ^^«fl^r ml = 0 

2 = 650nm°] 

2:3 7]a] f2 = 2.26mm, 7fl^ NA2 = 0.65, m 2 = -0.11 

3 = 780nm°! 

3:3 7] ^ f3 = 2.27mm, 7fl^ NA3 = 0.50, ^^Hfl# m3 = -0.20 
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(*|4<iI*M' ) 

S.A- °U ®Z H-Efufl ^| 4 - ^ Ala|]^ Aj-^eV -4J A] Efloll 3 OBJ (2) -5*1 S^-tg 0] 

*fll ^i3(Dl), ^12 #3^H(D2), ^13 #3^H(D3)°11 tfl* 4<M 44 
NA1 = 0.87, X 1 = 408 nm, tl = 0.1 nm, ml = 0 
NA2 = 0.67, A 2 = 658 nm, t2 = 0.6 mm. m2 = -0.12 
NA3 = 0.51, A. 3 = 785 ran, t3 = 1.2 mm, m3 = -O.20 

0.5. 

NA3 i4N 'WHr <83 S NA3 NA2 ^-§-S}fe *0l =^<d <8«W 3^ t 1 ^ 4#(X 

B)4 333- *Hr(nB)fe 44 X B = 408 nm, nB = 8°)31, NA2 ^4 NA1 cfl-g-s]-^ »)2 <S°H <§^^ 
33 ^22] alal^. B)4 *W *l-^(nB)fe 44 X B = 408 nm, nB = 6°14 



■KW. S *0l <9«HHfe i$£*H ^]^( LD1 ) £ «.E1 a>^^ 408 nmS) isflo)^^ nfl^fl 8*1- 

«V£Sfl eflol^(LD2)S.-?-El a>§^ 6 58 nmSl 2fl°l*l#°ll cflSfl 5*> fl^*, «V£^| elM^ (LD3)£?3 a}#£ 78 5 nm 
21 eflol*|#o)l tflsfl 44 S|^^ol 44 3)tfl a^#*§- 45^ UMWol, ^12 ^£ <^°lHir Hl£^l 3H*1(LD1) 
S-f El Affcja 408 nm2l efl°14#<>ll cflsfl 6*1- eflo]^ (LD2)S.-?-El 658 ^a) 3j|o)*l#<fl' tflsfl 

44 3)34, ^VjEJfll 8flol^( LD 3)s^-E-| a}^ 785 nm^l 3 oj *| ^-dfl cflsfl 3^ s\^_%o) ^ a|cfl2] £134^ 
^ 1H)£4. 



5E$, £8a^ (b) °A (c)°)l ^4t> n 1 ^ «^*VES-¥-E| ^ 5U^4 jfe ^£ f-44fe efl°l *1 (LD2) S 

^■Ej 4fcJ3 658 nmS] eflojxl^ ^ 2 %^3.{LD2)S] ^M. ^oflAl ^2|o) <$$o) Hjn, xfli 3! 

X|2 ^€ ^^1- 3HHr M®W (LD3)S-?-E-l AVt-^ 788 nm^ Bflol^^ ^3 ^-c]i 3 (LD3)2l 7)^- 

^ ^°11A1 A3£ol NA2 S NA3<^1 ^ 7fl^ ^^o] 4f^os. sj^^lcf. 

[£4' ] 
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44 ^ A H' 
^XU 408nm«y 

2:3 71 el fl = 2.20mm, A o v * NA1 = 0.87, 3#al|-§- ml = 0 
sHf A. 2 = 658™!!?! ^-f 

2:3 AA f2 = 2.26mm, NA2 = 0.67, ^ v Hll-§- m2 = -0.12 
J*HJ \3 = 785nm<y 

2-3 71 E] f3 = 2.27mm, 7fl^ NA3 = 0.51, 3 m3 = -0.20 
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<$2\ tfl# ^li # aVSSfl e|ol^)« Af-g-s)-^ s^tfl jiHe DVD)* ^ll * 

€^ \ 1» 405nm, *1]2 # ^^H(DVD)-g- 4|2 #€^1 A. 2* 650nm, ^3 * 3 (CD) -g- *|3 

*# X 3* 780nm^-S. Z}^^, % *)±3.2] 7l# ^ tl* 0.1mm, ^)2 # ^^HSl 7l# ^ t 2 
fe 0.6mm, ^3 # ^i32| f-^ 7l# t3^r 1.2mmS ^n}. 5$, *0l Ml*) *fl3 % c1^3°)l ^JS-S] 7|S- ^ 
*H4M- =r*Jsfe 4|e| 41* 312:21 7fl^ NA1, NA2, NA3-§- 0.85. 0.65, 0.50* ^^'SA. 



£9 ifl^l Eliofl £ -SAWS] till- 312.21 \ 1 _ 405nm, X 2 = 650nm, X 3 = 780nm<*IH2l *S£f SAl^t}. 
SE$, £.12*11 £ -a^Hsl cfl§ ^ssl \ i = 405nm°ll cJltb 7^*r 0.854^1^1 ?£^*l-£,f- S-Al^^cf. £-1 
3°ilXl = 405nm4 NA1 0.8521 ^SLS. %%S\±= ££l7fl ^ *]#°1 x 2 = 650nm2l #-§- <3a} 

^"f 2 ! T'^^E* S.^lsra^. °l-*e1, £14°1) X 1 = 405nm4 NA2 0.8521 ^Sjfe ae)7fl *1# 

4 ^1*21 \ 3 = 780nm2l #4** $4*1*! ;§ °-°l ^1^4. 

71* ^-^21 *H°H 218(1 iMjSlfe T*^*l-# 4^21 # Cl^H^ll ^SL2) 7) R> ^ cflofl ^_g_€rV 

711^^*1]^ »MSF7I1 iL^II Sa4. ^ -gAHs) Cfl# 31221 4i^2l Aj-i 7 fl^ifl«j||A4ai ^^ fef 

X 1 = 405nm, NA1 0.85, tl = aiming nfl, 0.008X lrms 

X 2 = 650nm, NA2 0.65, t2 = 0.6mm °s! nfl. 0.003X 2rms 
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\ 3 = 780nm, NA3 0.50, t3 = 1. 2mm°J A, 0.005X 3rms 

£th £ cfl# ^aoflAife. NA2 0.65^. 4 <q^# -f sj-S^ a^J- 650nm2l #4r-§- af|2 * c|i52] ^ ji 71* 

3^1 3 #3*) felHS *rH, of*e) NA3 0.50SH} 34*rfe- iMf* *ll3 % £\±3.s) 7]*& 

*M &5L-^ £M«H3. toll trfe}- ^£oj ^ja. so^fe. <yoj $0.^ ^ 2 3 ^3 # q^aa] c]>, 

3 iiMI tf|$ 0 V*l-§- «Ht* 'r XU, oV-fre) ^>f-^ o.S zj-zj-fi) # cl-taofl =fl-§-3H 7^71- *| 

4 <a*WSJ 'fl* *S«lHfc al'SS?! # Cl^HSA^ f-tg 71^ tl# 0.1mm, 

405nm, 7fl^«- 0.853- 7MJflH ^?H1- ^J^^il, a o|<qs] Afofo] # q^ofl tflsflx^ £ %t$£ 

»|2 # ^^3(DVD)°11 cflt!" A o v # 7fl^# 0.65, ^]3 # c^3(CD)°ll nfltF 7fl^# 0.50.2-3. *H # 
^ ^7111- ?lfl«|-5afefll. ^ a><$oj # ci^Holl tfl*M£. £ <gx$g. aj^-o) 7^^^. 

2.5<H1 -& Hams] tfl-g- sfflZ: tiMiHf- 4^184. 

[S5] 

*l|5 4 

4^X 1 = 405nm°J 

Tie] fi = 2.35mm, #<§r tH^M* NAI = 0.85, ^ ml = 0, *Hr nl = 2 
3HhX 2 = 650nm"y 

±3 7)21 f2 = 2.44mm, 7fl^ NA2 = 0.60, 3tf«Hi: m2 = -0.10, 3)^ x}*r n2 = 1 
4^X3 = 780nm<y ^-f 

2:^ 7ie] f3 = 2.43mm, 7fl^ NA3 = 0.45, 3hMli: m3 = -0.17, 3^ *Hr n 3 = 1 
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1.840 


1555 


43 
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£63 34 4rfl 44(X B) 380nm, 3*1 44 2°114 34 3l-§:3 ^r33 SLg. 100%7l- 3^4 33444 4 

4. o) s)^ ^ofl j^l x 4 3^=L(H4£ DVD) 3 44 444 44 405nm3 43 "3434 24 3443 3313 3 
4444 45.4 4^13 j1, *l2 4 3^3(DVD)3 44 444 44650nm3 43 -yAfsJ^q. % 3^H(CD)3 
44 444 44 780nm3 43 <3434 14 3443 3313 34444 4£4 4^44. 

44 380nm, 34 44 2°l)4 34 42* 3344^-.§.4, 

JI4-E. DVD(44 405nm):95.1% 

DVD (44 650nm):90.9% 

CD(44 780nm):99.8% 

<4 44-°-] 4 3^33 44 44 33<»!43 511 £44 44 4 44. 
(*1l6 44°i)) 



4 44°il^r 34 -S£7l- 3443 4 q^aotl ^£13 7lf 3? ^33 444 434 3)# 4^34. £ -y4°fi3 
dl# <ffl^ s.^^. £71 3§H, ^ll 4 3^H(444 4£*1| 2 fl°14» 4444 4^31 .n4£ DVD) 4 xfll 443 
44 X 1* 405nm, *l2 4 3^H(DVD)4 ^11 2 443 \ 24 650nm, ^3 4 3^3(CD)4 *l3 443 44 
X 34 780nmA-sL 44^.3, *)ll 4 3^H3 f-3 7}# t l4 0.1mm, *1]2'4 3^H3 ^ 7 )£ t2 ^ 0 . 
6mm, ^13 4 3^33 f-tg 34 ^ t3rr 1.2mmS 444. *lll 44 »l3 4 3^a.°!l ^ M.3 7}^ & 
4 8 J14fe *H =U4 314 312:3 7fl?t NA1, NA2, NA34 44 0.85. 0.65, 0.504 44444. 



£15 313 £17oll 4 44°fl3 314 ^3 X 1 = 405nm, X 2 = 650nm, U = 780nm°1143 4S£* £4444. 
£E4, £18°ll 4 44°I13 44 4^3 X 1 = 405nm°ll 314 7fl44 0.85442] 4444£» £.4444. £4, £1 
9°11 X 1 = 405nm4 NA1 0.853 4334 S3 7l] 344 444 44 343 \ 2 = 650nm3 44 °d4 

34 ;§43 4444£» £.4444. 443. £20*11 X 1 = 405nm4 NA2 0.853 £t*.s 433tr 23711 34 
4 444 44 343 x 3 = 780nm3 444 ^444 343 4444£4 £3444. 



4 44°il3 314 4s°114^ 44 °J444<^1 ^44 34 4^(£4 ^^)3 44°11 3«11 3443 4 3^33 4^ 
34 4113 4°H 3«11 4^944 44444 443 4 3^3°11 ^gi3 34 S ^^4 4*J44 MH 45.4 44 
711444*114 45:4711 ^.^4^ 44. £4. 4 44^13 cfl4 ^1^3 4i33 4^ 7fl^4^°1143 44444 

X 1 = 405nm, NA1 0.85, tl = aiming 4, 0.008X lrms 

X 2 = 650nm, NA2 0.65, t2 = O.Omm'y tfl, 0.005X 2rms 

X 3 = 780nm, NA3 0.50, t3 = l.2mm°i 4, 0.005X 3rms 

34. 



£4, 4 44^13 314 4^144 NA2 0.65^4 344 4444 44 650nm3 444 ^2 4 3^H3 34 
44°fl ^443 ^£4 4ell4s. 4^, 443 NA3 0.50ii4 344 444^- 444 *1l3 4 3^H3 3^ 
4°11 ^444 4sfl4s. 4°11 44 ^£3 4^- 34^-S. 2:44^ 43 ^2 4 ^3 4 3^33 3^ 
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=L i-fH ^ ^it t z^s] * c)i3l ^-§-*H 4^-3-^3. 7 fl^7l- 4 

££ -g-E, 7fl^ltVpi§^# 1-8-71- flof # 4?<gS| ^sfTfl t ^ Sic}-. 



£ ^AHSI cfl# HUSO] ^Mlcfl >fll # C^S^ JjLtg 7l«- Jf-a| tl« O.lmm, 

405nm, 7fl^« 0.853. 7V3*M.#flj. ^t))# ^sl^t-ll, n o]<i\3\ A\<#oj\ % t\±=L^} tfl*H £ £ 
3-§-°l 

5&th *)l2 * <^H(DVD)°1) tH£ 711 0.65, 43 % ^a(CD)°ll tflfc 7fl^^f- 0.50-5.5. §H % 

S7°ll £ -8*10*9] 3!*S] ifjl^ CflolE^l- q-El-ql^4. 

[S7] 

4? A- 1 - 405nnrtl 3-f 

3:^ 71 El fl = 2.35mm, ^ 7fl^ NA1 = 0.85, ml = 0, 3^ ^ nl = 6 
4#X2 = 650nmS! 

Tls] f2 = 2.43mm, A o v # 7fl^ NA2 = 0.65, ^^«fl-gr m2 = -0.07, *Hr n2 = 4 
4^X3 = 780nm<a 

T^E] f3 = 2.47mm, ^ 7fl^ NA3 = 0.50, a#*fl* m3 = - 0.12, s]^ SK* n3 = 3 
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1 4i<d 


it 




u 


1. 2212E-04 


bt 


-*. 6114E-W 


bt 


i. st»«-m 


bit 


-1. WlJf-OS 



t^S^Elfil 44^U. -B-JL^II- HHWSl &dl^307flo) I }. 

[ZL8] 





*W **1 (mm) 


* d *»l (mm) 


1 


OrOOO 


0.461 


z 


0.461 


0.855 


.3 


0.655 


0.800 - 


'4 


0.800 


0.918 


5 


0:918 


1.016 


-5 


1.016 


1.102 


7 


1.102 


1.178 


8- 


1.178 


1.246 


9 


1.246 


1.309 


to 


1.309 


1.367 


11' 


1.367 


1.421 


\Z 


1.421 


1.472 


13 


1.472 


1.520 


14 


1.520 


1.585 


IS 


1.565 


1.608 


16 


(.508 


1.649 


17 


1.349 


1.687 


W 


1.687 


1.724 


19 


1.724 


1.758 


2ff 


1.758 


1.790 


21 


1.790 


1.819 


22 


1.819 


1.647 


23 


1.847 


1.873 


7 24 


1.873 • 


1.897 


I 25 


1.897 


1.920 


26 


1.920 


1.941 


27 


1.941 


1.961 


. 28 


1.961 


1.979 


29 


1.979 


1.996 


' 30 ' 


1,996 


2.012 



£82} Stf& ^Sfe 4#(X B) 415nm, *V*r 6<*H Jl-§-°1 ^e)^ O.S 100%4 S]£S a|3jj.£|«>] ^ 
4. o] 5)^ ^d\] % cliH^^E DVD)2] A)~g. 4^0] 405nm2l 64 SJ3#°1 s^e] 3] 

iHjsU, *)12 # =^H(DVD)Sl 4-g- 4#q] 4#650nmSl #°1 <$W& 44 ^cflsl S) 

flflsjji, *fl3 * =1^3 (CD) si 4-8- 4^?] 4# 780nmSl #o| ^Afsl^ 34 4g#o] sjcfls] 5) 
3 Site £3=^: 1HI£4. 



4# 415nm, s)^ 4T 1 6«1H 3^ T^* 3 34% V -2.S>4 
SUS. DVD(4# 405nm):93.0% 
DVD(4 ; S- 650nm):90.9% 
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CD(44 780nm):88.4% 

442] # z)±=L2) 4-8- 44 <SSHH^ m £-§-§- <*-g- ^ 5U4. 



a 4^-§" ^71 flS^, *Ji % c]>ia($*M sOol^l- 4-§-*fe :n<a£i DVD)* %Q2] 44 

X 1-f 405nm. 42 % <^.3(DVD)-g- A\2 4#2) 44 X 2% 650nm, *i]3 4 <^3(CD)-g- *il3 44.2] 44 X 3-g- 
780nmAsL S^O.^, % t)+3_2) ^ = ^ d £ 0 .lmm, 4 ^^32] «g 714 JjM] t 2xr 0.6mm, 

*f|3 4 c]^3.s\ 71* ^ t3fe 1.2mmS. 4°44. £4, Ml 4 ^3 4 JgJis] 7)^ * 

4fe cfloll jgjg.^. tfll- 4# 7fl^ NA1, NA2, NA3# 44 0.85. 0.65, 0.50* tf^sj-^i}. 



£21 M)*l £23°H £ ^Hfil ^1" 31^21 X 1 = 405nm, X 2 = 650nm, X 3 = 780nm°fl^fil fSEf £^14584. 
£4, £24°11 * -S^Hal SQasj \ i = 405nm°ti tflfc 7lj4=r 0.854*12] £Al4°i4. E2 

5<H1 X 1 = 405nm4 NA1 0.852) £34^ SE]7fl *1#4 -g-f-nV ^ jtj^.s) X 2 = 650nm2] 4§- <QA\ 

S) ^-^^^S* £A]s>«cf. oV^-e], £26ofl X 1 = 405nm4 NA2 0.8521 24°-5. 434^ S£]7fl 4# 
2)- 44 *l#2l \ 3 = 780nm2l 44-§- <$A\*W 44^4E» £4*FS14. 



■& ^^Hfil Efl-g- -f4i<N*ll H)^ ^2:21- O) ^21 ^ ojAVoJ^O)) Bfl^E|^. 7 |4 f-^f| 4<>1 Ji*j 

^4?] 1-4^*11 si^a 44 ^43. 7-^4 tm- si^g 44 ^421 ni^ ^2^21 4444^1 

4 Sl^ ^2(£Al ^)S1 a|-8-ofl 2|«q 3^2] ^ Cl^H2) Jp.^ 71* f-9«2l SVo]6|) fil«q t^JSfe T 1 ^^^* 44 

2) % nl^Hofl ^a.2) 71^ * 'rfl^fe clHl ^ ^l^^oflAi <yr£*V^ Ji^^ji siq-. SE*V, £ <g 



X 1 = 405nm, NA1 0.85, tl = 0.1mm°J nfl, 0.004X lrms 
X 2 = 650nm, NA2 0.60, t2 = 0.6mm °i ^, 0.001X 2rms 
X 3 = 780nm, NA3 0.50, t3 = 1.2mm2J ifl, 0.002X 3rms 



^. ^AHs} cfll- ^oflA^ NA2 0.65^4 2l<ir§- 4^- 650nm2l 7fl2 fl- q^H2] 7^ 

£-5H] ^^sl^l ?*£^ f-sfl^S. §U, «l-S;Bl NA3 0.50^.4 »4§Vfe ^13 * cl^3Sl 'giL 7^^ 

^^^1 #50<H5. tfcfl 44 ^* 0 1 o|avo. s S ol^^. Qjol ^o.^^ ^ ^ 3 % d^32l cli 

3 ^iM cfl*!: ^§-*v o}^)^- aj-a.^- ^ ^ji t o^ei 4f-^ 4421 % ci^h°11 dl-g-sH 7fl^-7l- 4 

*vslss. ies 7fl^»l*v/^^^'a-# sg&7} ®o] % ^^i- 4#sWi § ^ $i4. 



£ ^Hel n)l§ ^aoflA^ jI^eo] Till ^ cl^3S.A^ f.t| 71* f-^fl tl# 0.1mm, 

405nm, ^ 7fl^l- 0.85S 7^§H ^4 ^7l]» 4*J4^^^, a oj^sj a^o] ^ q^adl cflsflA-ls ^. ^ o. 
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42 % c^H(DVD)°l| "Mb 'fl^f- 0.65, *ll3 % ^h( C D)°)1 cfleV 7fl^» 0.50SLS. «H % 

[£9] 

^HS" A. 1 = 405nm<y ^-f 

2:3 7^ fl = 2.65mm, 7fl^ NA1 = 0.85, ^aj)-§- m i = o, s]^ *Hr nl = 2 
2 = 650nm<y ^-f 

2:^ 71^ f2 = 2.754mm, 7fl^ NA2 = 0.60, £tf»r|& m 2 = - 0.07. s?^ *M* n2 = 1 
«X 3 = 780nm<y 

7\A f3 = 2.74mm, 7fl^ NA3 = 0.50, «!)■§■ m3 - -0.12, Sl^ *V«r n3 = 1 
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£ 3]Str 93 #9 # ^(S93l ^12^)^1 $^<*} X10°ll JEAl^ 3*13 &H]*§e] 

93 ^£7f sat)-. £io°lH " *1 ^ ^ ^-^2] xi^e) ^O-jM^sj ^a], " #3 fcoj- 

[510] 



ggj ES33 S^^53 SsB 



OJOOO 
0149 
0O5 1 
0.429 

a«« 

QJSO 

ojoo 
at47 
a«* 

0.72* 

0.7*7 



I. MI 

1.033 
».M3 
1O09 



1-222 

1.242 

1J0I 
1.320 
1.338 
U57 
U73 



CU4I 

a42i 

1483 
0550 



0.729 

aw? 
a sot 
a&M 
asoj 

0*00 

0*29 
0.934 



MM 
U33 
1.1 97 
U7* 
UOl 
1.222 
1-242 
1J12 
1 182 
1.301 
1X20 
1J39 
1. 157 
1.JTJ 
1J33 
1.410 
1.427 



1.549 

1JM 
1J910 
1.324 
1.3M 
1.431 
1.SS4 
1.917 
1.490 

t.xn 

1713 
1.724 
1.740 
1-732 
1.7S3 
1.7TB 
1.793 
UM 
1.309 
1.120 
1*31 
tJM2 
I All 
!J41 
5.173 

1.3*3 

t.«S3 
1.903 
1.9 1 3 
t.923 
1.132 
I.M2 
1.951 

I.9C3 
1.976 
1.947 
1.983 
1005 
2.0 13 
2J22 

tow 



1.353 

l.«8 
\SKZ 
1.3*8 
1.910 
1.424 
1J33 
1 .931 
l.tM 
».«7 
UK 
1.703 
1.713 
1.723 
1.7*0 
1.732 
1.713 
1.T73 
I.3M 



I.B31 

1.141 

1.152 
114J 
1.473 
1-SS3 
U03 
I.BC3 
1.913 
1J)23 
1.932 



1 Jtt 
1J7I 
I JM7 
1.8*4 
2003 
2.013 
2X22 
3-030 
2.030 



*3 ^OlOwnl 



7-047 
2X33 
2JC03 
2X71 
2X7* 
ZOS7 
2X93 
2.102. 
2110 
2.117 
1125 
2.132 
2.13* 
1144 
1154 
1141 
2.18* 
117S 
2." 51 
MM 
2.193 
12ffl 
12 CO 
2213 
1221 

una 

124 1 
1247 
1133 
1231 
22M 
1272 
1218 
1294 
UM 
1295 

730S 

2352 



1047 
1X33 
2X93 
2X71 
1X79 
2X87 
1033 
1102 

ino 

1117 
2.123 
1132 
1139 
1H9 

2.154 
2,141 
HU 
1173 
1111 
11 H 
1193 
2.202 
1309 
2111 
2421 
2428 
1234 
1241 
1J<7 
1233 
2.239 
1134 
1172 
1379 
2194 
2190 
1299 



£102] £t|] $r%(\ B) 375nm, 93 *Vr 2°IH 93 fc£]3 100%?} £m$s)o\ & 

cf. o] 33 ^. 2 o)l »H # c]^a(Jl'aE DVD)2] a}4} aj-^o] 43. 405nm2) # 0 1 < M3'3 2*V 93 #©1 33] 2) 9 
tt^l^jl, 42 # c]i3(DVD)2] 4-§- s)^ 650n m 2) #0] ©jA>s]7]i4 ^3 # n]^H(CD)2] 

4-8- 4# 780nm£) #<>1 °J4s]^ ISf 93#°1 ^2] S|3W§- ^€ch 

4^ 375nm, 93 *]-<r 2°1H 93 ^ ^ ^^.^ , 

2 n ^E DVD(4^ 405nm):93.0% 

DVD 650nm):92.5% 

CD(9-# 780nm):99.5% 



£lh S|3 fat ^eKr ^9 , a o ] J8^ol«s, -a^Ha] tut- ifflasl 93 ^9 ^>s] 93 f2r « s 
9-^* 7]-^5>^ ol^Sfe &tfl ^fi] a)^l7l- 6^13^^^ 93 fa©l<H£ n^3£s ^laH- 
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* -f t> 3)^ t 1 ^^ ^l^^oll S-sMtt " OPTICS DESIGN # ^3] ^ af 71&*] No.20 2000. 2. 25 p 

26-p31" °11 7)4s\o] &t}. 



(^18^a1^|) 



^ ^* £71 ^SH, ^11 # cliH($*M efl°l^# ^V-g-s^- ^MlcH2] siSSL DVD)-§- ^1 #*)2) 

X 11- 405nm, ^12 # <^H(DVD)-g- *1)2 #^2l X 21- 655nm, aI|3 # c]±R(CD)% 43 4# X 3 

* 785nmS. s}^c L ^ > # qA 32 ) <= tg 7 j^. tl £ o.lmm, *1)2 # ^32) f-^ 7}& ^ t2fe 0.6mm, 
*ll3 % 4^32] f-<3 714 ^7)] t37? 1.2mm£ 5^4. SE°\ a|l ^3 # cjiHofl ^ £S\ 7^ ^ ^sj 
«M tflf- 3!2:2j 7l)^t- NA1, NA2, NA3-& 44 0.85. 0.60, 0.45* ^^5>^4. 



5.27 ^) £29°)) £ 41* 3]i*2| X 1 = 405nm, X 2 = 655nm, X 3 = 785nm°IH2] #jsL£-i- £Al§i.«uf. 

£30°)) £ ^Ha) =H# X 1 = 405nm°!l 7j]^ 0.854*12) SlA^^cf. E3 

H X 1 = 405nm4 NA1 0.852) 2t^£ l^fe 2^11 x|»4 f-f-sV ^ ^]#oj x 2 = 655nm o| ^ oj A> 

^-2) ^iW-4£» SAls^cf. o^b], E320 fl x 3 = 785nm°)l 7fl^M* 0.45442] ^^4£» £4^ 

£4. 



£ ^*H2l tfl# -ffl^olHfe. ^a^aVo,] s)^ ^S(E*1 ^--g-ofl # c]i. 3 4 ^12 # 3 

^^-o] a).^- X 32] i^o)] <yA]-Al^ ^1 ifl^] »|3 % 1^^3.2] =^2] Sl-o|oll 2]3)| ^ 



X 1 = 405nm, NA1 0.85, tl = ClmmlJ "fl, 0.004X lrms 
X 2 = 655nm, NA2 0.60, t2 = 0.6mm2J afl, 0.007X 2rms 
X 3 = 785nm, NA3 0.45, t3 = 1.2m m 2J nfl, 0.005X 3rms 

SE1L>, ^ ^^l°il2l tfl# ^Z:o]lA^ NA2 0.60^.^ 2]#^- ^-^t}^ 655nm2) ^#-g- ^2 % ^^32] Ajji 7 ]s 
QS.^ #2fl<HS sVS-S, =U o]Aj-o.S. ^^^lfe- 2jo| ^2 ^ c]^H2) ^ 

^1 HI* ^1L> *r Xl^, >1l2 % z)±3.<*] cfl-g-SV^ 7fl^7f afl^S) 



aelii, ^1221 ^13 ^- t^H°ll ^^.2] 71^. ^ /£E ^ 7 ))Ag^ ^ 7^^m/^^r 

T$6) 4# Aj^Ajo] ^ ^E^7V ^^S]<>1 SlCk ^13 % ^i3i ^^.2) 7)S * 7fl^# ^^lfe C2- 7fl^ 



- 70 - 



^7fla-*1 s-2003 - 0030926 

^ > 5fl=h ^ -3«M0 0 ) 5Ufe «B)£fe £50^)1 tfl# ^l^oil £a).£o| 5:330)! # 

S*. ^ ^Alo)]2] cfl^. s^£o] ^flcfl ^li # u^HS^ JjLtg 71* T"^ tl# 0.1mm. j^fc 

405nm, 7fl^f- 0.85S 7>Jg§H *«f ^31* ^WSSfe^. =L °)^^ % *]±3.<t] tfl^E. £ 

^12 * cl^3(DVD)<H] tH$ 7flftt 0.60, ^3 * c^H(CDH tfl*l ^ ^=f-^ft 0.45S SH 

^5}^ 31, a o|3]o} A J.<£o] # Cl^Hofl CALAIS. glg^ aj^-O) 7V^S>Cl.. 

[Hi] 

1 = 405nm<?l 3-f 

*3 Tjaj fl = 2.30mm, 7ll^ NA1 = 0.85, ^Hfl-fr ml = 0, Sj^ *Hr nl = 2(0 < h ^ 1.59), nl = 
3(h > 1.59) 

2 = 655nm<y 

2:3 71 Bl f2 = 2.40mm, ^ 7))^ NA2 = 0.60, £ m2 = -0.07, S)^ *Hr n2 = 1 (0 < h < 1.59), n 
2 = 2(h > 1.59) 

4^X3 = l%5nm°A 

£3 ^3 f3 = 2.39mm, 7fl^ NA3 = 0.45, m3 = - 0.15, SK 1 n3 = 1 
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0 < h < 1.59<y nfl 



EH 




u 
n 
m 


-3. ooSe-cj 

1. ZQ49E-03 
1. J0ISE-C1 
-S. M1SE-W 
(.I1I7MS 



h > 1.59<y 4 





*d 1 


ht 


-5 


to 


-1 S611E-0*! 


bi 




bt 


llSCE-fl*! 
«. iiltfrCi. 


l>« , 



[S12] 



*4 Via 


*m WW 


SO **1<mnt) 


1 


0.000 


0.217 


2 


0.217 


0.306 


3 


0.308 


0.3 74 


4 


0.374 


0.431 


5 


0.431 


0.481 


5 


0.481 


0.520 


7 


0.526 


0.567 


8 


0.567 


0.605 


9 


O.605 


0.841 


10 


0.641 


0.675 


tl 


0.675 


0.703 


t2 


0.708 


' 3.739 


13 


0.739 


0.768 


14 


0.768 ■ 


0.797 


lb 


0.7B7 


0^24 


IB 


0.824 


•0.851 


17 


0.851 


0877 


18 


0.877 


0.902 


19 


0.502 


0.927 


20 


0.927 


0551 


21 


0.951 


0.974 


22 


0.974 


0.997 


23 


0.997 


1.019 


24 


1019 


1.040 


25 


1.040 


1.062 


> 26 


1.G62 


1.082 


27 


1.C32 


1.103 


28 


1.103 


1.122 


29 


1.122 


1.142 


30 


1.142 


1.161 


31 


1.161 


1.179 


32 


1.179 


1.197 


33 


1.197 


U1S 


34 


1.215 . 


1.232 


35 


1.232 • 


1.249 


36 


1.249 


1.268 


37 


1,266 


1.282 


38 


1.282 


1.297 


39 


1.297 


1.313 


40 


1.313. 


1.328 


41 


1.328 


1.342 


42 


1.342 


1.357 


43 


1.357 


1.371 


44 


1.371 


1.384 


45 


1.384 


1.398 • 


46 


1.398 


Mil 


47 


1.411 


1.424 


48 


1.424 


1.436 


49 


1.436 


1.448 


$0 


1.448 


1.460 







1 V *°1 (mm) 


51 


1.460 


1.472 


52 


1.472 


1.483 


53 


1.483 


1.494 


54 


1.494 


1.505 


55 


1.505 


1.516 


56 


1.516 


1.526 


57 


1.526 


1.538 


58 


1.536 


1.547 


59 


1.347 


1.558 


60 


1.556 


1.568 


6! 


1.566 


1.575 


62 


1.575 


1.585 


63 


1*95 


1.594 


64 


1.594 


1.607 


65 


1.607 


1.620 


66 


1,620 


:.633 


57 


1.833 


*.645 


63 


1.645 


:.6S7 


69 


1.657 


1.669 


70 


1.699 


1.6BC 


71 


1.680 


1.692 


72 


1.692 


V703 


73 


1.703 


1.713 " 


74 


1.713 


1.724 
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1.724 * 


:.734 


78 


1.734 


1.744 


77 


1.744 


1.754 


78 


1.754 


1.764 


79 


1.764 


'.774 


80 


1.774 


•..783 


81 


1.783 


1.792 


82 


1.792 


1.802 


83 


1.802 


1.8M 


84 


1.811 


1.820 


83 


1.820 


1.829 


86 


1.828 


1.837 


87 


1.837 


1.346 


88 


1.846 


1.054 


89 


1.854 


I.8S2 


90 


1.882 


1.871 


91 


1.871 


1.879 


92 


1.878 


1.887 


93 


1.887 


1.895 


94 


1.895 


1.903 


95 


1503 


1.911 


96 


1.911 


1.916 


97 


1.918 


1.926 


98 


1.926 


1.934 


99 


1.934 


1.942 


100 


1.942 


1.949 


101 


1.949 


1.957 
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^-tfl 25l ■y^^-s) 3*l2l ^-^S^-Eis] ^o]f. ufEj-sS^ji sf$-§. ;g^ofl 0 < h < 

1.591- -L>^17]^ °§<*°1 ^2(^1221 &tfl £Ji 1 vfl^l 63) 44(\ B) 380nm, 2^11^ 3l-§- 

°1 feel^ 0.5. 100%7l- s]S.s. 2)^^s]oj ojcf. o| 33 ^ 2 o|) # DVD)2l 4£ 4#<J] 44 40 

5nm2l 4°1 ^sUS 24 5^4°! aW^* tHIsU, *1)2 4 ^.2(DVD)2l 44^ 655nm2l 

<8A\S\7]H $3 % qiH(CD)2l A>-g. 4#o) 785nmSl 4°1 -gA^ 14 3tfl2l SlWiM- 4 

£4 4^44. 



44, h > 1.591- 44^1?1£- <^<m^ 3$ ^2(S1221 4^ bJ^ 64 4*1 101)fe 44(\ B) 405nm, SJ4 4*r 34 
^ 34 100%7V ^W^M 514. °1 £14 =f-^ afll 4 ^^(JI^E DVD) 2j xj-g. 2). 

44 44 405nm2l 4°1 °d434 3^ s);g#ol a|cflo] Sj^^-fi. ^Sjjl, ;Hl2 4 i3 (DVD) 2j 44 4 

4?1 44 655nm2l 4°1 24 S)^#o| at^o) Sl^^-g. $sm 4^44. 

^714 £o) $3 ^9] aj^jsj. 4^ a]^ SV^I 4*<!4°-S4, 

0 < h < 1.5921 ^^H^ 

JI4S. DVD(44 405nm):95.1% 

DVD(44 655nm):93.3% 

CD (44 785nm):99.7% 

h > 1.5921 <S^oll^^ 

H'St DVD(44 405nm) : 100% 

DVD(44 655nm):91.8% 

3., 4421 4 Z]±ELS\ Af-g- ^o^o) 5)^ j-.g-.fi. 03.fi + ojq, 

£4, 4714 £°1 h > 1.591 -L>#Al?lfe S)^ ^^1 4* 405nm, 34. 4t 3<*H 33444 ^12 4 ^3.*] % 
^ 2) 71^ ^.fi. ^sjsf^ ^ o-oll NA2.M.4 21^(S, ^ °JA1.^21 h > L591- 7] ^ <g <* ) ^- f-sfsf 

##2] 44^42} s|cflSl7l- 4 70u ml, -&B1H2) 2l^# 37fl t *r 31°-°^ % 0 ^t> 

°14, -& 4€ ^13 MI4 ^7 ^^>1 ^Eflofl cHsn °l-§-4°^ ^^^4. 

^ ^^lfe ^ 7l#^7|l7> 7fl^^- Tfll aj.£^)l 2fl°l^(ll)4, 7l^-^^7]-^ 7fl2 ^9" 

c}iH 7fl^-8- 7112 ^-£^1 £fl°l^(12)4, US. 714 t-^171- c-l^- # ^3 ^- cl^a 711^^- ^13 ^oj aV E ^ 

e11°14(13)l S^4. 

7)11 % cl^HSfe, <^H 0.1mm2l 7l4(f-^ 7l^)# ^ ^^£21 Sj-^cfl ^- q^3(JI'a£ DVD)# o] 
-g-1- ^ XJ^, ^12 ^ cl^HSfe 0.6mm2l SJL 7l4(f-^ 714)* 5Hr DVD, DVD-ROM, DVD -RAM, DVD-R, 
DVD-RW, DVD + RW -§-21 4^ DVDl <>)-g-t XiS, 7fl3 4 1.2mm2l 7l4(f-1 7l^)* $>fe 

CD, CD - R, CD - RW, CD - Video, CD - ROM §-2] ^ C Dl °1 -g-4 «r Xi4. 



- 73 - 



^■7m^ 42003-0030926 



£4, 41 400nm *<j£3l 4#2) 4-§- lHi4fe GaNTfl $4*1 4£*11 eflol^u). SHG eflo]^ 

f-§- °l-g-4 =r 91°-^, A]2 431 (12) -2-^ 650nm 3 £2) $%3\ ^i}^ %q «]£*)] £fl°l*l» °|44 *r 31 

*113 44(13) 780nm ^£2) S^S] lH)4rr *)2l «V£X| eflol^l- o)-g-f- ojt} o]ii]*V xll 
Xl3 44(11 ifl4 13)4 ^ J4S] 714 * ^o] ^sjslfe # cl^nel *-JH ttj-ef #q?H<L3L 4444. 

^ll 4 4*lfe 44 71144HHH 34 47)1^71- S)£S. Tfli ifl*l Xl3 4£*fl 31°l*Ull ^*1 13)S^ 

2] Xll ^13 4 c]^3.9) z}-zj-2l ^a. 71^(91, 92, 93)4<fl 34 A 1^1 ^ o) fe tflf- «*(14)* 4fe4. 



cfl-§- ?1S(14)2] 4314 "S(14a)4°llfe 441^21 442} 44§L °14<H4 IP^H 44°fl 44 Xll 

4 cj^S- 7lH4 "IN 1-2-4 44 NAH-1HH 3)4 4tI1>-H71- ^Efls j£J: 7144 -f sfl 4£X1 eflo|^ 

(H)S.-?-EiS] 4^-fr Xll 4 7l^(91)^o)l ^sJ-Al?J ^ ojo.^ ( »| 2 4- ElA 3 f Xl^f nflofl lU 

4 44 71144 NA2MHW s)4 ^vfl7]- SJfe jii 7144 4*1] 4-£*fl eflol^(i2)S.-!fE-lel #^-§- ^12 4 

cl^HSl %H 7is.<a(92)^-°)l ^4*1*1 ^ xi3 % t]^3LM- *tt^)4 "H 4-2-4 44 71)44 NA3*-H°1H 34 
«V7flifl7)- slfe- ^-Efls ^ 7l|l-|- ^ HVJE^l ^l°l7i (13)S4E)2) 4^-g- Xl3 4 3^32] ^Ji 7ls.>S[(93)^ 0 ll ^ 
4*1*1 4 $14. Xll % c^al- <"W 4^-4 44 Att NAl^ oil* 0.853£. Xl2 4 nli3f ^ 

^4 4-2-4 ^ 7fl^ NA2Sfe 0.60^£, 7fl3 % cliaf ^fl^t uW liLt> 7llT- i r NA3S.fe 0.45^ 



7fli ^lfe^-s^ll efl°l7-l(ii)sl a= j:^ f-s] ^^^s) ^^^1 7)°]5l-oi ^s. tfl-§- ^!a(i4)°ll^ ^ v 

^5)^ Aj)^].^ Ji^*l-7l ^^^f Ji^^- ^(18)1- u d if-E]E-Kl5)°+ ^1^(14)21 >q-oH 

^ A ^°1 D 1 Ti^tb T 2 -^^ Aj)^*). ^.^ 4i4S.fe ^-^21 ^dls °1^^1 Sl^S ^-2-1- 3)^ ±^7} Sifet-)), 
Jfl«l7-l(lt)2l 4^-(ofl* 1-^ 400nm) ^^S] ^-ofl cHs^ *2fl2l cfl# ^1^(14)^71 

^4**1* i^^fe %W ^-£^1 sfl^l^K^)^ 4^(^11- 650nm)°14 &flol^(13)2l 
# l-'fi 780nm)2l *ofl cflSfl^fe ^l7> HjHSll Z^o) 7 ^ (n xfl^l 13)S^-E-121 ^■ 



°HI, £ S^S-fr Tin % q^ii} M^-g- i4(l8)s £43°11 si^ i4# ^)^>!l> 

4. £4321 ( a )2) cf-t oH^7f a^s. nf# 2 7flel ^-4 i^S s^j^ ^ ^4 a <q. ^ ^ b s. ^j^- 

# ^2:1- 7H°1, ^"4 i4 a2l ^^#oim ^-^2] ^C|)S ol^^l 3*! ^7} *§^S\o] ^4. ^4 i^agf 
3 4i4 b2] ^-4 7flg.S.fe- £4321 (b)ofl £^1^1 H>fif ;g-o) HV£X| 5l|o|^(l2)2l ^^(olH- i"^ 650nm) ±3.^1] 
£X1 (13)21 4#(<>i1» i"^ 780nm)°ll ^^1 4^" 7l2l ^-g- ^H?!- Si^, «}-£^| eflol^ (n)2l 

4^(°ill- 1-^ 400nm) e^S) 4^ °J^°ll7ife i^2l ^^^V An* ^ - 4^ ^ ^"4 7fl£l- 

Aj^eVnf. trHsH, «V£^| iflol^ SJ.^- e«J-sl ^-oiol ^ ^> a <4 ^ ^ b sl A n 2) oj#°)l 2l«fl 

^^21 5)^ ^221 444. «>o> 5)^5)-7ll ^1— -S., ^^€"4 An^ll t^W S)^ ^S2l ^^j-o. AjTflSH «> 

£^1 5flol7l(ll)2l 4 ; o v e^2l %d\] tHSflAinV tfl# ifia(14)2l ^^Vti-^*^*^^ $3., ^£X1 eflol^(ll)S. 
^-El #A>^ A^^). li^-g- ^4(18)# -f44°l Cll^S-2) A^^V >Hll ^ Cl^H2l ^Ji ^^(QiJAj-o)! 

^J^€4. 



4-irel, *11l % ^ c ^ ^-^Ife Alll # cl^Hofl ^Jil- 7is. ^ TflAija}.^. ^o.o)l ^- cliHP^ ^ 7]^ 

^# €^(14) f-2| ^-4t111- ^4fe #4 ^42] XI 2 e!M*Uii)2] XI 2 iL4°ll 4-^ 4^2) 

£4 ^ ££ €44 ^£ £4°)] 4# ^fl# ^-2] 44t111- ^4fe 44 ^42] W €4 £fe € 

SHI 214 ^4^42) €4* Ja.^471 21*1 ^^7.} 4l7>o] ^ oJj^6]lolEl(21)oll s|«n ^ ^Olfi) 
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4x= l^r ^^1°1E.-|(21)1- *Bl°flolEl(16)» nfl# ^(14)^1 -y^Tr *^s] £ 

SI-aI^ o.s^, olel*}. ^^al £#1. i^sl-Tll 3#^£2| ^^a>71- a.^ 4°d (-£»!) £3l-oHr 

1 % z)±3.e) 7ls.^(9i)A 0 vo, qjq. % va o v °^5V7fl i3€ tfsfls <r 31^. 



4l % 3^3* 4*m^ ^-fofl wVsLsfl e)| o]4) (ll)S-?-El ajo] #A>slJ2, «V£*il eH°l^(ll 1 

3)S^2] #Af^-2j ^ ^cj-o] hi ^§.^(15), §E]Di)o)Ei(i6), -S^ViL^-g- 4i^(18)» #4*H 011" 
«3)a(14)°ll 21*11 4l # 3^32] j£J: 7lti f-sfl Jgji 71^(91)6)1 ^^cf. o]^ cflf. ^(H)fe av^ 7fl ^ 
^NAlMHH S]^ ev^tH7l-£l£S. hj.^ eflol^(ii) S «-E^2l ^^7)05., *Mim # z)^3.°A 

4l ^Cl^Hl- 7flA3t ^ SJCf. 



^Ji 7l-^°t(91)ollA-l ^Ji HlEofl oqgfl £2SH #4r£ CfAl cfl# ^2.(14), Ji^* ^V(18), 

^^DfloiEl(i6)l- Jf-^H SAlsl^l ^ # 3#7fl3. fl=^cj.. # ^#7ilel * ^7}^4^ A^S] t§AV gj^ 
««HI <4# ^#*H ^#0)4 ^.j. ^<g*H}. ol ^ofl SlTlSH 2^ ^^°11 0 1e-1(22)7V 

«V£^1 S)lol7i(H)S^-E-lSl #4?°) ^]1 # C]^32l ^SL 7lS-^( 91 )Aj.o)) ^AV^^S. t|) # ^a(14)# 

S ^olAl^i:- ^-Al6)l tiV^l eflol^( 11)s .«.E^2l ^o] i^sl S^H &^z\sm cfl# sjl^(14)« #^°11 ^*1?! 



£Eth *12 % tl^a-I- 7flAjs>^ ^-foll HV^Afl (12) SLif-B] ajo) ^AfslJi, #a>^ eflolxl(i2 ^ 

13)S-?-ElSl #A>^-21 ^ ^o] Hj ^^ E ^(17) ^ Hj ^^£^(15)01] Sl^fl #A\S\^ t Oj-^sl A^ 7 | «v 

E^l e)l°lAi(ii)s^si dV^7Hs #alo||oiEl(i6), ^^V^.^8-g- i*Ki8)» ^431-^ ^s(i4)°fl 

2l«ll 42 % z)^3.9] 7}^ -f-sH 7ls.^(92)oll ^^€4. cfl# ^l2:(14)^ ^ 7fl^ NA2^^/.i 

n% t>£^l 6flol^(i2)s.-¥-E-i2i #3~§- ^^Ai7is.s., j*t)2 ^ ni^ai- 4^% ^ AiCf. 



aelJi, ^a. 71^ (92) <*] Al ^a. wls°ll 2j«« »issi<H h_vav^ cm tH# ?ia(i4), ^^sv i^(l8), 

#Hl°flolE"l(16)» f-^H ^ % ^#7(15. ^*>Cf. Tfll ^ Cli32l ^4-<q. 4?V7HS. ^- ^#71121 # 

^7)^M^\s] i^ei ^av .^i ^^o)i 4^ ^ ifisn- ^ ^#°1M- ^#1: ^*8*>t}. ^ 

#oll 2l7l*H 2^ °-S^ollol&|(22)7l- &S.4 iH°)x\(12)3. 1 f-Z]2] *^«>1 *!12 ^ ^iasl ^ji 71^(92)^1 1# 
Sl£S cfl§ ^1^(14)1- ^ tytySLS. ¥iolAl7)fe. ^-Aloll tiV£^| Bflol^(l2)5.-?-E-|2l #4-0) ±%o] Eajofl ^Aj-s) 
£s. ^ ^1^(14)1- ^oi] ^qo) »^o_s. £°W?!n], 



^13 # cl^H« 7lH;5K=. ^^.oil aJ.JE.^11 2fl°l^l(13)S^ ^c] ^*}s)ji t %4-£ «J ^f-e|E|(l 

7)1" ^t}<$ ¥j A,#ElEi(15)°ll 2l«ll «VA>5]ol t o>^.Bl Aj. 7 | HV£S)1 sU°l^ (11)5.^2) #4p4 nl-#7MS 

«2-Hl°lEl(16), ^<r*} ^(18)1- ^45H till- €2:(14H 2l«fl ^)13 # z]^3.2] 7ltf -g-sfl ^i. 

71^(93)^ ^#€cf. °H, rfl# ^!2(14)fe 7)1^ NA3Ml«i)lAi S)^ ?V^^7f slE^ «J-£^ 5flol^(i3)S 
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jjLE-jS] #4=^ ^#44 as, ^13 # c]^H# *Ht 4 44. 



ae^jl, ;gi± 7l^4(93H4 42. «lSofl 3«fl 4^44 444 444 44 €'^(14), 444 iL44 4^4(18), 

43°lMEl(16)» *3*SM £444 # SfcTflS 444. ^|1 f - C^H3 ^2]- cfS^lS # 4**|4 4 

4 #4 4414 4 tgAj. ^ o^, g^cfl ^ ^s. ^f.^ ^(4«0 3434 e?i) ^sjsM}. 

oj 33§H 2# < aj^°flolE^(22)7}- 4£*fi Efloj*] (i 3 )^e|3] #^o) ^ 3 # c^h3 314 7l^8 (93) 4*0 

l^Ef cfll- 31^(14)4 f^^AS 4343^r44 0 fi «V£^)1 3133(13)3.433 ##0) 4.3 a] saioll 1 

43^4 cfl§ ^ns(i4)# 44°fl 433 44-2.^ £01*1*14. 



£4, 4 43 ^3 # 3*3 #*H>Hfe 444 cfl# ^is ah3 *s^<fl HH^]H)fe 1/44443 4434 4431, 

41*1 4 4<a 44°D44 1/4444°1 444 cfll- «2 A>o|o] #i*^6j] ufl^ls]^ %+ 7 \ 343 44 ^43 

* 4<a 4*H4£. 1/44444 48444. 

4 44 ^Eflsj ci]# ^a(i4)on yon, >fl2 4 ^^31 7 fl?4 NA2343 nai3 334 4 

444 45£*l 8flo|^(12)S-¥-61Sl #4?°! ^))2 # 3^H3 4M 7l-*<g (92)4414 %n]o]7} S\S.*k 34 f2(14a) 
4 3)4 4£(14a)7l- *§44^r 4443 n]^<a ^#-§. ^©fig, mai4 NA243 7fl4 44-a-*443.°-3. 4*<94 4 
SU«H 414 71)^ 44 444 434 lJS.7'r £ l°i «1 -8-8- 4344. 

oJ-43, *fl3 * Jfl^sj.^. ^^o)i 7fl ^-^ NA3-S-43 NA13 <g«-§- 4444 «V£^1 ef|o|^( 13 )s.^ 

21 443 ^1)3 # 3^33 4ii 3^<S(93)4°II4 fzW7} E)£S. g)^ ^(14a)4 44 42(14a)7}- *§444 
#3-<33 344 tg^Kg- ^^«|.ia f N A14 NA24 NA33 7fl^- ^-§- 343-°-S ^flft ^ Stl-S-H-S 44 «1-^^*V 
4. 



^°1 7fl^ NA12] -f^l-Sfe ^ (12) 3.^ E-j fi] ^ 7 fl^ N A35L^- 

El NA121 <3<*1-|- f-afst-fe wt-H^l N°l^(13)S^sl fl-^o] zfzj ^ 2 * ^^H2l ^gM. 7] ^ (92) ^13 % ^ 
±3.2] 71^(93)^-011^1 S]£S SV^ ^ 7^<t NA2^B] NAl°tl tfl-§-SKr f-4§l 

4^ X 22] ^ 7B^^ NAlMl^^ »| 2 % c1^H2) ^a. 7l^3iHl>H2] 4^ ^%\7\ 0.20X 2^.4 ^ <§ 

^°H, £tb A o v ^ 7)]^ NA3S-9-E1 NAH1 cH-g-Sl-fe- -f am^r 4^ X 32) 7fl^ NAl^^-H 

^13 * ^^32] ^a^^dflA-lsl 4^ ^71- 0.20X 3Ji4 € ^Efl7l- 4£S. ^S(l4a)7l- ^^^cf. 44 

4, ^- 7 fl^ifls) oj<^^- -f 4§}ir ^#2] ^ 7fl^^s-¥-4 4^# f-44fe ^2] f- 

B11471- £344 # ^#712] ^^oUAlfil Oj:^ Al^ Q£ S^Ajo] <^0\^. 



ffitK 44 cfl# «a(i4)«>ll X144, ^12 ^ 43 * ci^a* 4^4fe ^-?-4 4# 7fl^ o]^sj 
4^ #zfl4 44 ^-f <fl -g- 4^1 ^^2] ^ nai4 NA24 NA321 7fl^ 44 ^r4i- 4 

fe- 5l 0 l 44344. °14 4-8- 7fl4 44 44^5., ^21 eso, £514 4^ 4^ 444 °14f 4 44. £4, 4 
1 4 cl^a, *z 4 3^3, ^13 4 ci^3# 71144 "W nai4 NA24 NA3°il 4444 44 443 «.s 

444°!^ 44. 



£4, 4s. 444fe 4^ 4421 4°H1 °-^^#4 1/44444 4«14£r4 4>3 444 34£ 44°1 444 
^4^-5. 44 4421 4^2} o] 7 y^s_ $igs\^, oi^ev o]?V44 34£ 44^1 44 47FM) 444 
471-4^4 44#^1 ^3 4421 4^4 44^^s 4444 4 4^ 7fl^ ^4 ^vi- oi^he ^tf. 
34 7B4 44 ^44 °1444 ^4 4^(14)2] NA2^.44 NA13 ^34 NA2^3 < 94°fl ^444 443 44 
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41 44 ^3.2.3. 43J-4444 41 4^(14)4 NA3S-44 NA14 444 NA344 444 414fe #^2] £ 

441 44 444^-5- 4444 ^ SA^HS, 4l 4*1 ^3 $- C]i3°)l 44 47 44 74<L-S- 7|^Al^ ^ ^Cf. 



SE4\ £ -M4 4444fe 4* «a(i4)4 44£ 444 4(l4a)44 344fe- 1444 474 £43. 44-44 sj 

^ 7^4 414 44 ^34 ^ Tfl^ifldjAl fijg t>444 ^lyj 5 flo|x)(H iflx) 13).sL444 #^-§- 

4l 4*1 43 * 4^H4 444 4.5L 4^4(91 tflx] 93)44 4444 7 451^4, 444 44 cfl 

1- 42:4 |E£ 444 44 £44 ^-St-^^ofl ^s^s. s}cf. 

4#4 44 44 41" 4^4 fHS. 444 44 ^44 ^13^611 S]^ 4*l&Hr 474 444, 42 4 4 

3 4 4^3» 444^ 44 4J3-4 4^ 71177 444 seflcH ^£o..sL sffe ^^-o)) o|e^v g)^ -7-^7)- ^ 

44 44 ^44 41 42» <y^is i=44 744^ 44 44444. 454, <=44 <*-g- ^ &4. 

£4, 41" 4^4 444 44 £44 44<S44 44 "pi-f 4447 474 444. 41- 4^44 M44 

1 744^, 444 44 i l i7f 444 44 i>444 47 4747 43=4 444(12) 4 4^4 444 ( 
13)^744 44 444 NA1444 ^l 74 JLQQS.* 47 5Jo] n).^ai^c|.. o)^ <$ £ g Eafljg 4.44 <* 
17 44. 

£4, £44 4-* 71177444 44 4447f sl£S. Bfloj^Kn ifl^i i3)j£.JfE|el #^-§- *|i ifl^l ^3 4 

4£34 444 ^Ji 71^(91 4*1 93)44 4444 ^ ojfe tfl# «a(U)S. ^ t^OjoU fi] dV S. 7 fl ^ ! t . 95-5 

85^ -^-7112001 -229567S 7l4€ 41 4-§-§H£ 

^11 * ^ti 41 €3(14)21 §1-421 ^(14a)^4 S)^ S)^ 2|-^-§. -f sfl 4, 

^2) 7 i]^^o)1a^ S]^ «1-447l- Sl£S avss]] Eflo|^(n tfl^] 13)S^21 ifl^l 7113 % 4^H2) 

2^21 71^^(91 4*1 93)^4 *J#t =r SlE^- s>^^4, °1*H1 £ ^44 =r 91^ 4# ^421 
41 €^2i ofl^. ^^ev4. 



^, 41 ?1S21 ^<^£ sl-q-2} ^a-S-ofl 5)^ ^ £2| f.s fl hv ES)) jflol^-Kn Rl 12)^.^21 ^ 

1 44 41 % 4^3 «J 42 % 4^321 *jM 71^(92)^4 44 4^ nai ^ NA2444 si^i £4471- 4£ 
^ ^ 5U£^ *>j2, 43 ^ 4^H4 444^ 41 4^4 ££4 4 0 14(l3)s.-¥-44 ^1 oja^i 

« o.s.4, 7m ^44 444 7|o]s)-^ tgsj-i- 7 fl^ NA3444 s)^ 4£-^ i*jt>4. 4 

^-f4 ^- 44 43 4 4^34 *j.sL4 4^ ^ 441 t*3^ 44 4^ 4*- 4 r , a-i- 4^ 534 44444, 
47 4 th r^r ^#4 £50, £524- 4£ 14 ^41 4-8-^- *r ?i4. 



74^44 €4-1- sL*j4fe 74^4 i*i ^*ls. ^#4^ 15L 7>« 4^1 7f44 44 £^ 44 
£^ 9J7V44 §i 7>^ 43-^4 #41 §i7V €44^ ^44 74 4^4 44£ 447f 4^ 4 
4=0.5. ^4 7l-^t> ^ 4^441 4144£ 44. 

£4-, •& -€4 ^44 7474 ^.*j ±*l-s44 14444(16)^ 17 74^ 4^0.4, 474 4ss 7444s 
44. 44 44 474 4^s 744 7474 Ji^ 4i44 §4444^., #444 44 442000-392333^4 
444 4#4 4a7l- °14. 

£4, 4 44 4444^ 44 4 ^1-44(15)5.74 41 4^(14)4 4=fe 4^4 444(12)^.744 444 
4 si- 444oi &4. 447J-45..-44 4 ^#4 4 (15)44 41 4s(i4)4 4=^ 4£4 444(13)^744 
44^4 4^1- 444s 44. 4^4 44 4444^ 1444. 

£4, 4 44 4444*=- 41 4^4 i44 As> 4/^r S44 5.41- 4#44 44 4 4# 74 4 4iL 4^4 
(91)44 44^*4 747*V4 441 4t44 44 4 4# 744 44=44 4*11 4 44 44fe 444 

4 4t 741 4^4. 4^4 44 ^444£ b^?hs 4 4# 741 4444. 
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4#4|fe- £44* *«fl £422} % 43 #*12] ^^o)]o] 7tf 2 4 4*1* 4^44. £45°)) £Al4 44 40] 

4 43 4*1^ £422] #H]nilo|Ei(i6)ef <S^4 iL^-g" ^4(18) c fl y !J c> 'l ^^4 £.3 ^>o] #EH 0 )tH4 4|^4 

£44 2J*1|44 2J*1|4 ^(20)1- °1 2J*114 4i4(20)r: £94 444*1-£- 1^ <2!}^o)lo)E-|( 2 l)oll 

m y^SLS. 4.°lsl£4 ^430] ojt} o>^-ej i mvs^i eflo)^( 12 )Sl- HVS^l efl°l*l(13)4 %<>A ?flo]^ 1 ( 1 9) 
HH) ^rtfsH 4b!#£H £442] 4^°ti 4-^1 ^^1^- £4(20) 51 -n-^^ #£31 efl°l*W s]^ % 
4*1 21 « ^* 4 44 € 4 Sl^SS, Jicj- 3il 444 ££4 4 44. 



SE4, £442| 4,2 443 4*l<Mfe4£*ll el] °1*1(12) 4 4£31 eflo]^ ( 13 ) 7 )- 4tt<4 4£*fl e-flo]*) 

(11)4 B>£^ tfl°|^(12)» sqji, eflol^(ll)<2f ^]ol^(13)l- ^^^HE 44. £ 

4, 4£*fl efl°l*l(ll)4 4£*1! eil°l*1(12)4 4£3] 8fl«>l^(13)* 4^44^ 44 4 44 % 44 44 

4* ££f 4 Xilcf. 

(»14^1 <8«=fl) 

£45fe- £42] -Ma] ^e«o)1 n^g. *fl 3 4 44s. 7 fl44.0£. £44 H^ojc}. £i 2 «H| £44 44 z]-o) ( ^3 4 4 
•a tf^lfe £422] afll 4 43 4*)4 4444^ 3442] 714=- Q5.7\ *\SL 4S c^H°)l 714 % 4 

44#43#*M<}. 

^13 * 43 #*l*r ^^2] 44 Tfl^vfl^A] 2)4 *V7fllfl7}- S\Sm 4£*» Ho]?] (11 tfl^l 13)3.-^2] 2} 444 

*lll ifl^l 43 4 r)±3.2] 21-21-2] 7]444°11 ^4^4 4 °l±t cH§- ^(14)1- 4^4. cH§ ^S(14)3.fc 4| 

1 4 «!3 31-& €^4 ^-<a*v tii* saa* °i*«a- <r 4££.s. 4414 4^4 A3444. 



£&4, *ll3 4 43 #*14 3H4(11)4 4£*ll efl°)4(ll i3)SJfu^sl #a].#21 ^ ^^o] ^ B j. uj 

£.1(15)2}- 2] A]-olel '^Sfi 5Ho]^(H)S] ££i^ -§-2] ^^^2] ^ofl 7l?]SH ^-S. tflf- ^S( 

14)°flAi ^S^-fe ^I^V* i.^S>7l s]tb ^^1-a.^-g- i^o] #el"llolEl(29)« 5>^. #5]°1]olEl(29)2l 3]<H 
£ ^iHIfe f-Ajiy^^ ^nfls. 0)^-0]^ 2]^ ^ 27 > ^Ajs]ol ^o.^, jflo]^ (n)SJf61 a>§ 

€ ^-2] st-^-o] ZjcH^]^ D-^S €^1-^ ^-f«1| ^2l°flolE-l(29)2l aj^ 3£^^7]- f«Hc H j-*J=-2.S «fi3]-*fe 3^^- 

# el °11 0 1 ^1(29)2] 4^)- ^^.6(| 7HE]2] 2^S Tm$& «| S?1^2l ^^2] ^ 

=ll^lfe -S-^^s] 4^- ^sj-ofl cj)^. tfl!- ^13(14)21 Tlels] 2^s «l S^^ai €4%=2) ^tflsi<4 nfl 

Sf <a^l-8->o £ ^VH^l a|ol^|(ii)£^ %a}!& §ElqJolEl(29)2f tfl* ^(14)« AH 4\*r& ffl«>l 

>lll # cl^H2l 7l^(91)^H] ^^4. °14 4^ #HH°lEi-£.ir ^- #«*!<fl 2ie> 

2001 - 248819S°)1 .7lM€ #e)o||oiE|l- oj-g-t =r 5fl4. 



fE«, >fl3 * »l*«l-7l<fl Ji^-g- #e]°ll^lEl(29)sfe ^-tflajjoa ^1^71- e ^ 

^1^4 *iflaj £s 4*11^4 #^dJo1e1# ^ ^4. 0)4 ^ cfi- §e]d| 

°1E1S.&-&#€'?1 0 11 2] $ s.^2000 -262372^1 7flAl^ #e)n)|o]E)« °1-g-f-T Si4. 



SEft, ^13^-^^ ^HlA^fe #3 chew ^ ^ Q2,( lA )<m\ ^^4# Ji^^SSlfe- 

HI. ^-£^1 Bfl0l4(ll)4 fl* a J ^#e]Ei (15)42] A>ol<>|] #E]tfflolE^4 f£S HflSlS)^ ^<>l£ l^o)] S]^ ^27)- 

^^4 ^.^ 4i4» °l-§-4^£ €4. Jgfltf^ll Hfl^l€ ^ Xlfe ^1^4 i4s.fe «• #€?1°11 4$ ^€ 
2001 -2 10659 Jiofl 7flA]^ a^^]. ^43. ol^-f- ^ 0^4. HVESfl eflo)7-l(ii)s.-=fEl 4^^2] 4^ ^ 

^4^1 2]^ wj ^« £e ]2 sflo^s. 45.^0)1 Hflsi4fe ^-2-011^ o]ei4 j| 8 j4^oii mi 4 3 ^ ^^4 Ji^S ±A 
» ol*4fe- 4^44. 
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$■ % ■&£ £#4 £51 IflSH 4# 3# €2 ^-2] ^tf ^7fl# ^5>fe ^ £*>Sl tg# 

°11 3 $ ^T^e] gsn- iL^SRr ^^l- iL^ dh^9j S-i 71-^ i^(23)# ^#elEi(i5)S+ cfl 

# €2(14)21 AH°11 Bfl^l^J! fl^. 



^|-§r 7>£ £*K23)fe -S- 5 ! ?l#(24a. 24b)o)l -fMslfe cfl^SRr *V^2) f-^ 3^(25a, 25b)2] 

Aj-o]°)l Hfl^l^i °J!^#(26)i- SHrdl, f-^ #^(25a. 25b)°ll ^£ ^^(27) AS^- 2] #<y-g. o] 7 )-Erl-^ <^*(26) 



f- 1 ! #^(25a, 25b)2) 3<H51 £«r-°r #^-g- o.3 *V ^S) &cflt§2| #oj- o]7^S g$Sl<H ojoo) o]e. a. 

t^l &tfl^2] ?i<a- °J7)-Sf-21 3]0]£ s>l4o)l ±%°] #<$^r 9}7}iM ^#(26)2) #3r-g- ^ O.S & 

"gSW^ t .^11 #cjiH2) 3 £ 71^(91)^21 *J#^£2| ^<a^Sfsl ^^-71- £Al3*l 
3#7H sjsfi 3#s}^r 3 -Wife 3€(27)-§- #"3" <y7HML 4^2] ^-g- 9j7l-^o.S.*<l, °-^^#(26)2] 434 
f"S.2.3. *>fe iillSia •flSM?] j> 7Ha ^(23)« ^W>b tflSH 4^2) % 

3*1"* *7V*M o]B|* ^^^^2] £3** a.^^-Cf. o]S^, ^11 * C}^H21 5gji 71^3 (9 1)^2] ^ 4- tfr 

?&<rx}7\ -S-^ll- =r 



^# S-i 7f^ ^(23)£ 42> ^£1)2] 7^ ol-§-5f^fecfl, ^. 

^1« ^ 5tUr ^o)^ 7^2, Aj-^ej ^Eflo)) £3 3b 

^13 * «1 <g ^Alofl ol^-t =r t 1 ^^^ Ji^ i^Sfe tM§ fe^ 5^2) ^ «8-i§=o.S £ol 7f^ 

4-S-°im £46* £1221 # ^12] ^^oj)o] ^4 % ^a. ^tge>c). S.46<=fl £a]^ aj-Sf ^-0], ^4 
#*HHfe ^-£^1 5N1 ol^(i2)S}- «VS.Sfl sflo|^(i3)7f £442+ °l-?!-7Hs. -Pr^Sl-slol % z\<3 % 

*]2) ^^2] ^ 5L^!= E£f =r 5Uq-. 



^114 ^ 7))^ NAliflollAl 21^ tV^H7V 3£s. h|. e ^ 5flo|^ (11 )s] ^- c^HSl ^ji 7|^- 

^(91)^H1 ^1^1^ ^ Sib cfll- €2.(34)1- ^fe^. ^1 * cl^H ^-g- cfl# €2«y cH# ^2(34)» *«fl ^-E 

H Zflol^l (12)^.^2) ^ 0)^.5].^ ^)12 ^ C]^H* 71^. 7fl^g>^^ JiJr 7] 4. ^ojoU 2|3f| 4°J(^- 

si) ^^=^^71- ^^b^l, ^14 % ^^Hl^ife sl^ 4°J ^^s. ^s^sfb 344 §i 

7V^. 4;4(23)1- -f «11 7fl^ NA2^1°11^ 5)^ *>7)H7l- E)IE.s iL^SM ^- c]i3°fl tfl* 71^-- 7fl^# 7^5]- 
711 ^>4. 



°l-i:&l, ^£^1 5fl°l7-l(13)S.^-E-l2) ol^-g].^ ^3 % c]i3| 7 |s. ^fl^gl-b ^-foflE "l^MS 71^- 
^•9H2l sl-oHl 21*11 Ji^ 4°d(5-Hl) ^l^-Sl-b ^^^r^l-1- ^-g: g-i 71-ifi i;4(23)t- ^ 711t l t 1 NA301 



*114 ^ ^-^1^ NA14 NA22> NA321 7))^ ^# £fec|l, 0)2} ^-o. 7 fl^ ^§ ^#0.3. £462) cfl# 
^2(34)2) ^-^Sl ^-t)-^(34a)°ll ^#2] 5150, 51514 *tfl ^^jl 

*\, A%*\£-3, 7fl^« NA14 NA22} NA3^-S. ^ Siq. ojel*!- 4^ Aj^^o] <&i=- ^ ^E-jf- -f «)) ^]2 % 
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4^3 4^H°fl 3iL2] 7)4 R> TflA^ ^Sj4^ ^oflfe 7 fl^ 0 l A o V 2l 4<£4fe 3^ 4 



tUt 1 ^r^S *i)l 4 4^3, ^12 # 4^3, 43 # 4^34 7lH4 nflo)] NAl4 NA24 NA3°fl tU44fe 
44 7\A^SL3. ^44fe =^4# oj^SHE £U, 4l -34 ^^14 ^4 44 ol-g- 

4fe 7fl^p- 4^4# °)-8-44£. 44. 

SE4, 44$ 7^ 44£ cfl# 31^(34)4 <B*|3. HBflfcJ T^ir 3°1 44*lt!4], °1» f-*fl °<*i$ H2fl?J 
4^0] <a^^lnf. £13°)]4fe cHl- 312,(34)2] WS(34a)°ll *)*144 o| 4^0] 4444. 

£4, £.464 4 43 4*H14 fl)-§- 3]2-(34)fe 444 ^s^jg. 444fe 442:°14, 44 x ioih^ ^3 7 ^ 
»fl(mm), f*4 T^ll-d(mm), 014 4^(14)°)] <a44xr 44^ 14 ^lt* $ l(ram), *1]3 4 4^3°)) 

3^4 »| ^ 7]4-fr 4 8 J4^ 3 4°] 7^-1 fB3(mm)^-S nfl, 

0.7 < d/fl < 1.5(2) 

2.8 < $ 1 < 5.8(3) 

fB3 > 0.2 (4) 

4 4#4£-4 4^4. 



Hl£ DVD-g- UNA 47^10 - 123410JL ^£°)1 4-S- 27l)4 4^4 nfl# $a 

7} X144S $1^4 ;£jr 7 14 l.lmm4 444 H4:E DVD 4 CD44 -£4-§- -?44 tflf- Q*3- 

^-foflfe- 42:4 44 Tjsll- ^51-71 34 44^ ^<LSL 4fe 44344. 014 47) (2), ( 

3) 4* 4^44fe" 34 4*1 44444, 4» "f-Sfl CDS] 44 Ti^l- (4)4# 4^44£-^ 4^4 4 oj^ 

CD4 44 7i^7f (4)4-§- ^a]71^ DVD4 H4S. DVD 4 #0] 4 c]>,h4 u 71^- ^-^21 Xl2 ^^7f Hjjaa} 
w^Sl-Tfl ^^isl^l J»of Ji^ 7l# ^^11°) 7fl^^o)l 4# €■ CD* 71^. ^-f ofl£ CD4 cfli- 

^aaval a^Tfl t ^ 5i4. 



£47€- ^15 -Sa] ^Eflo)) n^i 7fl5 ^ Tl^^S. £^1^ £^"14. £47^11 44 ^o], »]5 ^ 

^lfe £422] Till % ^-^Sq- n^WS. 3^^-21 71^ ^£7]- A^S. 4= ^- cl^ 3 o)l 7]S. $ 7 fl^ol 7V 

^15 ^lfe i^sl ^ TH^xflofl^ tW7>£]E-i| HV£^|j i5 (lol^( 11 ifl^] 13)5.^4 #4p§- X) 

1 tfl4 7)13 % c]±3.<i\ 4421 ^Ji 4^(91 ifl*l 93)^,H] ^J^4^ =r Si^ tfl# ^1^(14)1- Sfe4. <fl# «S( 
I4)sfe Tin ^ ^l 0 !! °l-8-3fc ?!a4 «a# ol-g-t ^ 5io.°s ^ °. ^^4 



«V*e|. 7)15 * 5)3 ^^lfe Tfli * u^aofi J§iL# 71^ * 711^4^ ^0.011 * nliasl .jii 714 ^ ?il 21 XI S 5-4, 
41- ^ 1-2] ^-47111- ^4fe 4i42l 43: SL*b, #5.% X]2 2)4 4^21 44 

^ €■£ ^44 €4°l) 4# 41- f-21 3-4*11- -TM0*Hr 3-4 ^42] ^4 ^4 sfe- ^4i 
21*^^421 44« i^Rr ^ <S^r4 ±*\91 a J «1i«4(33)# 4£>H| N©l*1(ii)tfH&jy| N°14(n 
^z] I3)s^s] #4^-2] 4 A <5 a J 4 (15)421 444 »P14^ &4. 
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oj g °i^t^(33)^ 431^(32)4 33!a(31)sL 4^£H 9X^}, 431^(32)4 14 oJ^o)1o]e-|(21)o)1 9]sfl 44 
»^SL3. visits, 4^3^ oj,} 4^(32)0)]^ 4EX1 eflol^(ll)S.^e1 440} #5H°1&1 (30)ofl s\n sg 



Xll # C]^H2j ^ 71^(91)^21 34^*2] SL*}S\Z] 4 ^#7H1 fiisfl ^^sl^ % + 

ofl 14 <^^o)l o|E4(2i)« S-*D 43!S(32)» 4^4 €°1*1*| <31# €S(14)°il °d4S)fe 4^2} ttW* SSH?) 
JUS.*], o]a)^ 413442] <£4» ^44. ?^x\7\ £.3 2f°J(^.wl) ^^sL <fi43fe- <flfe- •¥- 

4^(32)1- ^«S(31)«1| -B^sHr a J-fo.S ^o^It-U, 34 ^.4447} *t-3t £4s| 

fe- ^ollfe 4^(32)4 ^^(33)3-4^ <§<Ha1^ 4^3- <g°lAl?14. ufeM, Xll 4 c]^=L2l 714 
91)42] *J4 ^4£- 44 44447V °J=Jl4?)1 £L^4 -s-^fls. 4*14 4 &4. 



Xl5 4 ^ e & 4*HH^r 431^(32)4 4#°.-£. ^olAl?li£S 40^4 ^^(31)4 4^ 4$A3. 4 
o)aW£. S\H, 4 3!^(32)°+ 3^(31)2] °<H?* 4°W*)£. ^cf. 

S&4. Xl5 4 #*l«1Hfe -7-44*V 4^(32)4 4^? 4^-2-3. «olA]7lfe «j «]>i«c|(33)# °1 

-8-^fecii, i 4 sjoj ^.ajflj. 447WS 4^ 4^-2-3. 4eH°lE-|-i °l-g-sM£ sin, Xl3 * # 

^1°+ 45E. 7>4 4i44 ol^-Sj-o^E. 34. ol^ 451 xll 4 q>i32l >§S. 71^(91)^21 ^ 

% 44 ^'3 i r^l-7f °^5}7fl ^"Elll- 4*14 4 ojcj. 

°l-&iH, ^5 ^-Sl-a #*WHfc a] 2ii^Dl(33)Sl ^^]a(31)2l 4 cliH^Sl « (31a) -SHI 4^€<§2l 4013. o] 
4<>l3l Sl^ =f-2iA «§^Sl<H &°-4 ¥i£Xl 31 °1*1 (11)3.4^ A^s}^ 43 440) ^ol^lfe «a-^=o.S Vm}^ ^ 
-foil H a' 21^^ (33) 21 *W7\ H^lfe 4^ 7^1°£, $j-s.q aflol7-l(n)s^-E| ^ 9]^x^ 

(33)21- cfl§ ^(14)# 71^1 tHJf-g -sn^av ®o] Xll ^ cl^ 3 2l ^M. 7l^(91)^-o)l ^^uf. 

X15 * SI'S ^Hl 4^tV aj oi^c-lafe ^. t^ololl ojsv ^.^2000-330009^0)) 7 1H3 42f ^-8r « 

X15 ^^"9 ^H^fe a J 2^^01(33)21 ^«2(31)S] ^»l£ l'S-y-oil 2]^ -7^1- ^^§H "fll- Sfia(14)<HH 
H e v ^sl^ ^l^aw- a^sra^oi, -¥-^(32)21 na^MI si^ ^a-t S-SaMJE. sin, ¥-31^(32)21- ^sQs 
(31)21 o^ofl 33 tg^^E 34. 



£tK X15 ^ « 21^01(33)21 ^^2(31)21 1^^-oH s|3 %<%fy<*\ cfl# ?Q2:(14) 

t^Slfe ^^1-1- Ji^Sftfefll, 1>£X1 Sflol7-l(ll)2l £E ifl f-21 ^^2] 7~1S!*M ^ € 

2:(14)oll^ ^5]^ Ajj^^s ji^«j. 7 l 2) «[• ^^). 4.4s 2001 -2488195:4 ^-^2000 - 262372^o)l 

7flAl3 44 ^ #Eln)lo]Eil- oj-g-f- ^ ^4 ov^-a), ^. #3Jo]oil s-^ 2 001 - 210659^oil 7 flAl4 AJ)^4 
^ i7l# ol-§.t^&4. 



4-g-AS, E48# £47^1 % S*<3 ^^<H]o] Xl62) # ^.^^ 43^^.4 £48 o)l ^a)Q 44 ^-o) r XI 

6 # ^"9 ^Hl^fe Xll ^ Cl^Hofl 7m ^ »)^4fe ^-f <>fl * ^^22) a-£ 714 ¥M|2i xis 5.4, tfl# 

f-2] ^4?111- ?^3lr ^4°1 X12: A*K 4£X1 eflo^i (11)21 »| 2 ^.SMl 4^21 £4 $ ^ 

£ #s. ^4<=)1 nj* tfl# «a ^-21 447)11- ^4^. 44 ^421 ^4 sfe 
4^^4^ ^43. ^.^4^ 4^*1- 1^ °-^^oi]oiEi(2i)o|i 2)sii fj-^o-s 4°lsl^ #sl^<>lEl( 

39)» 4E«« eflol^(ll)4 *Eifl eflol7-l(44 vfl*l 46)S^2) ^a].^s| 4^ ^40] 34 «j ^f-^El (15)421 
0I21 4£.f-o)] 4H144. 44A^ t x|! 4 01^321 7^ 714^(91)^21 ^4 44 4^ i r*l-7V 0^4x1 a.^ 
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£*h 46 ai<>l^(ll)Sl ££4? f-2] #-^2l £34 7l$l*M <rS cflf- «S(14)<HM 

Ji^«|-7l fl«H #2H°1»H(39)S| # c]^H^2] £(39a)iHl §"4)«32| ^fi] o.^ ol-f-o^ 
S]^ $^*|-5a£h nH*H f #sW°lEl(39)fc <£S4 (ll)S-¥-N *\%3\±r #2] 4#o] zH4fe 

S ^^§1-^ ^-°-4 #Bl^°lE.1(39)Sl B -!j Z.7\±.7\ t°Wr ^.2.3. 4^ 7WH 5&.2-H.3., «VS4 

efl°l 71(11)3-^ Aj-fie} ^£ #ElufloiEl(39) S tfl# 312(14)1 f 4«H ^>rJ» «W 4l * c)iaS| 

3iL 71^3 (91) #4 



(46 41*1 ^efl) 

£49^ 46 4H ^Efl°)l nJ-i- j*|)7 # 3i<g ^^11- 7fl^^o.S SA]*)- E^olt^, 5:490)] £: A ]«a aj.fi]. go), ^5 ^ ja<Q 
#*]rr £4221 41 % ^"3 #421- of^7WS 3*^-2] 7)^. ta|SL7}- c}= # ^34 ;gM2l 7j^- g .*j)xi|o] 7 f 

£ ^Efl2] aj] 7 # #4fe 4-?^ NAlUUH t>7)1^7> a_V5L^ Eflo]^ (11)S ] ^ c] 

^ae) ^SL 71^(91)^11 3#4*} *r 5Ufe 31^(34)1- ££-4. 



* 3)2: f-2) T^*H=- ^ ii^2] ^12: 2.*h «>E*11 31*1*1(11)2] *flS fi| ^ 4#«q £sj- * 

£E £SH £5. £3*4 4€- 4ir 312, -W-21 #flfr4» ^ai-fe- #3- 4i^2] ^ 

^^Vs] iL^fe ±7.}°) ^^oflolEl(21)<fl 2J4 ^^©.S ^2H°I^( 

39)* #5=4 ell ol 71 (11)2> HJ5L4 *fl4 13)S^-E121 ^ ^#°] hi ^f-^E^ (15) Sj.fi] a(. 

o)°l *a^<sn ^ulevc].. u^eH. 4l % ^3.s\ ^ 7l^^(9l)^o] ^aj. ^^.^7)- <y=^Sr4 



5£^- ( 47 * #*lfe ^£4 Eflol^l (11)21 SiSL ^§-2) ^^fil ^oll 7lo]§>^ ^S. cflf- ^(34)4^1 H s v 
^Slfe- q<rz}£ Ji^SM 21§H #21 4 °1 El (39) 2) % q^H^2] ^(39a)^4 #^€^2] a.^3] ^.t]] S 01=^^1 
5)^ fl-S«FS*«^. ^*1, #2H°lE1(39)*r *E«H 8fl°l^(ll)a-?-El A>#s|fe. ^-fi] s)-^-o| ^^^]^ «J-^.o 

S 3-f4| #El4 0 lEl(39)2l «J] 5.7^^71- »S-^O.S 4^ 7W£1, *5=*H 8flo|^l 

(11)5.^ A>#^) #^ri|olEl(39) ^ cH* *a^(34)# f-^ 0 ! tfl-¥-* fflo] ^)i ^ c|a^s) 

71^(91)^-4 ^^-€4. 



47 %q<3 ^ofl-Hfe ^>£4 ell °1 71 (12)21- « >i-tE)Ei (15)21-2] AH21 %5L^°W, wV£4 efl 0 l7l (12)S-¥- 
E121 ^4 WV5L4 Bfl°]^(13)S-?-E|fil ^sq-fil ^Sf>4 % cl^a^-2] ^(35a)^4 -§-4)^2] ^-^S] ^tH 
ol^^l Sj£ ^S7> 2]^ ^ ^(35)1- t^u] 



41 * cl^H till- nfl# 312,(34)1- #«( eflol^(12)S^fil ^ o]^-Sj.^ 42 % 

7l^- 4^*lsl^ us. 7l* ^-421 *H4 21^1 si 7^ 4«8(iifl) ^^71- sic]-. -Bf^Hs, tqi- 3! 

2(34)« f-4 ^£4 ell 0 l7l(13)S.^E]fil oJ-g-SH 43 ^ c)i3t 7l^. Tfl^S)-^^ ^.J: 7^ ^7«2] ^o] 

4 2)311 £3 2)- 0 J(^b1) wtzw 47 * a% »isi*l-fe 

s)^ ^ i7l-(35)2l $3 ^g-afl HV5L4 e«ol74 (12)vfl4*1 t>4^7> sl£^ ^.^S^Jl, o>*sj 

4 efl°l7l(13)S.-?-Eisl ^3 # cli 3f nfloil y& 7 fl^ NA3 vfloi)A^ 5)^ ^4M|7h J4 
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3«KH.S, 41 4 44 tfl# S«2(34)* °144°<1 71* ^7l- a-I^ c^g. % 2 # c]^a 3? ^13 % ^3. 

°fl tfl* ^S.21 71*. THo] 7^44. 



£4921 4 4<3 4*H 444, 3]^ #4^4(35)21 5)* T t £(35a)fe«:E«| efl°l^l (12)3-4321 44X22] 4 
°1 ^4384 "H 4^44 Sl^** *lcfl2l Sl^l*** 4£r Sl^^-2| 4^ n 24, «V£^1 eflo^ (13)3.^21 44 

X 32} 4°1 ^434.4 nflofl #^sl^ *lt]l2) 21^^* £fc 4^42) n3 ol -g-Oj^^^s. 

o. a}*14 4#£ x 22f \ 321 <§>?ja] 44°14. 444, *)j 2 * 3^34 .^3 * cJahs) 44 44 "S^H-H 44 

44 a|* at-* 44 4 44. 



<^l» 1-3 5)^ 42: (35a) 4, 
680nm < X B < 740nm 

* 4^4^r 4# \ B2> Sl^ H4 33444^ wVE^ efloj*] (12)S^-E1S1 44 650nm2l 44 h>£^ efloj 
^1(13)S^2l 44 780nm2l #0] ^S(35a)°)l «a44a* ^fl^l «M§3fe 4421 43 Sl^S) Sj^ jg. 
44 £4 95% °14A3 $ 41 ^1} 



BE* £492) 4 4*3 4*)4 4o) >7 )4 *W £;§ 44^ 3)4 44 4-4(35)1- 4£*l| e|°14(12 53 13)3.43 
21 444 fWS 4£*11 ^°1*1(1 1)3.43 2] -§44*| fl-SOfl HplS>J2, 45L*1] Bflol^( 12 * 13) 

5.432] #4?°} f-<y *Vr4s1^#-g- 44 ^Hl2 * 4*^3 a|3 * ^.3.^ nfl* 7]4 * ^cfl 4444, 4^*)1 

(12)5.^2) #4<>) sj.^- x 2 a|. 3lM*l (13)3.43 2] %4fS\ 44 \ 32] ^tV21 444 3)444 2°ll 

4 34 42(35a)4 3344fe 44 x 221 #4 44 x 321 #<*h s.4 £4 3)4 at* £4 4 &4. 

°)4 44 314 44 2°114 3|4 42(35a)4 *M444 S14 44 H14 *1344Tr ^4^1 Hl^l °144rr 314 4 
cfls] 7_K2)-§- 2 «11S. a* 4 3)4 -S-cfl ^42) ^ ^o\] 2)ev 34 7.]t}7} 44 41 44 ^(3 

5)» 4<8*^r5U4. 



^1# f-^a, n2 = n3 = 1 , X B = 710nm°lH 3)^ ^-^(353)1- ^^4^ ^^.0)] z^fi] ^- c]^^ 4-§- 44 <S 
^ofl^2) 5)^ 

^112 4 (DVD, 44 650nm): 97.2% 

7fl 3 4 cl^H(CD, 44 780nm): 97.3% 

91 n2 = n3 = 2, X B = 710nm°114 ^4 ^(35a)» ^1^44^ 

*fl 2 4 cl ^3. (DVD, 44 650nm) : 89.3% 

43 4 cl^3(CD, 44 780nm): 89.8% 

4421 4 cl^Hsl 44 44 ^*HH 4-&4 314 £4* 4fit ^ 9J4. 

7)17 4 ^"9 4^fe NA14 NA24 NA321 7H4 4* ^44 4^ <a^l 44*144. °14 4-S- 7fl^- ^4 44-°- 
^t-21 £50, £514 44 4^11 4E1# ol4S- 4 &4. ^l 4 ^^H, 42 4 3^3, ^ 3 4 <^H« 7fl 

^4 nfl<Hl NA14 NA24 NA3<^1 tfl^-4fe sel7lll- 44 7Ml*j ^.s. 444^4 4°^£ 44. 5E4, >0l 4 A 1 ^^°11 

4 4^4 44 44 -^^4 °l-§-4 7fl^ ^4 ^44 °144 4 44. 



- 83 - 



-^fla^l ^-2003-0030926 



SE#, £49^1 * 5}<a #*HW &£(34)fe S^a) S^^^S #3!S°J01, 4$ A 7]e]l 

fl(mm), ^ T^lt- d(mm), ^]^(14)°11 4^ X 12] #^2} - d> l( mm ), 7fl3 # z]±3.<*\) %H 

21 *M 3!/SE£r 7l-!|-§- ^«PRr ^^21 ^ 71 ell- fB3(mm)S ^ nfl, 

0.7 < d/fl < 1.5(2) 

2.8 < f 1 < 5.8(3) 

fB3> 0.2(4) 

1- £^S|-3L* -?^t}. 



JL'US. DVD-g- JINA tRl- s.7fl^ 10 - 123410°11 ?IW« £-2. 271)2] ^Sj^r tfl# ^7)- 

*fl£3 ^ SflfcHI, ^ ?1# l.l mm 2] sfoj?!- Jl^H DVD21- CD2>21 ^Jr Jr^ -^-f 2] ^ $\Z3, 

*JsKr ^-f^ CHI- 3!^* ^f - 71 all- Q$_z\7\ <23!2: Sfe 5H WW SI- 4 . °lufl, ^71 (2), (3) 

S^M^lfe m d | «)-^a]3Va) ( o)l ^*|) CD2) ^f- T^l ( 4 )i}-§- ?1 £^ ^£t5| $-i£g ^ 

CD 21 4* 71 £l 7)- (4)^1* "?>#*171j2 Sfl£.« DVDM- DVD2f £°1 # C^H^. JiJr 7lf Til 21 71]2: -?x)-7V 

«lia^ <»^\7\] <*,*\}S\7.) 7 }# ^2] 7fl^|^Hl tt)-€ ^o) 2. CD! 7}^ AlHs}^ CD 

2f tfl-§- ^221-el f-f-Sl 71-^! ^7)1 § ^ 5U4. 



£42, £44, £45, £47, £482j # 3j<g ^Hl^ tfl^ 3]^(14)2] s)^ ^2(14a)^, 
340nm < \ B < 440nm(A) 

1 ^^H^lrr 4^( 0 l5K X Bl H*W 4# 5E^r TflS S}-^ #s|lo|Zz^ s|-#o]ij|. S]^ 2°1H a) 

3Sf£H ^-S-sL, HVE^ efl ol7-)(n)S.^2] ^ 400nm2l #°| 2J4s]^ ^-f 2*V 2l*l#°l 4# <His|£ ^ 
^2] Sl^iU} -g- %&jr $>£^- HHB=1 n, nfl# 3!2:(14)fe =!■ 2*\ ^1 % *\±3.2\ ^ji 7]^^H) ^ 



°H, cfl* €^(14)2) s)^ ^S(14aH ^-£^1 eflo|7-l(i2)S.-¥-El2) s^J- 650nm2l #o| ^slfe ^o)]^ 5) 
^#°1 <}# <H^«: 7f^2l €• #>9slH cfl§ ^^(i 4 )^ a 1*1- 7fl2 ^- ^±3.°\ 

^ 7l^^o)] ^^SFfe -S-Aloll cfl# €S(14)2] ^(14a)°ll 1>£^11 eflo|7^ (13)^^2] sj-^J- 780nm2l ^> 
°1 l^V si^^" 0 ! <Hii«- ^2) 51^^-a.c]- # %^ ^sj^ ifl^. ^i S (i4)^ n 



°121- £0], (A)<tl* "?V^Al7lfe 4^-21- S)^ Z}^ 2<H]a] S)^ ^-3:(14a)# a) 3S|-^ °.3,»], Tfll ^ c]^a<ill cfldV 7^ 
^.2] 71^. ^ /£E ^ A]-g-sl^ 5)^^-2] ^sq- ^]2 % c]^3 ^ 7)13 ^- c^3°ll tfl^ ^iL2] 71^. 7) ) 

^-8-Slfe 2)^^-2] S>^1 *]3_ Cf-i-Tfl fE^V 7||1 # q^oll tflt!" ^A2l 71^ ^/fEfe 7fl^o|l Af-g-E)fe 5| 

^^•2] 7^7)- 7fl2 % Z)±3. % 7113 % ^^aofl cfl*V 7^21 71^ 71)^)011 Af^-Slfe 51^^21 9]t] 

£^ *V^, ^21 % v]±S3.e\ A>-g- 4^ oj^ollAi 5]^ 14f <H^- ^ o;^ 



cfll- €2:(14)2l Sl^ -?2(14a)l I7js^ 7§ ^-ofl ^- ^<^£ S]^ ^2(14a)°11^ t A 3sl^ *E«H efl °1 71(11) S.^- 
E12] ^21 Sl^^-# 2|cfl2l 2l^^* £±t x}^2] 51*3 S_%°] 70%^ ?l7l£S. s)^ ^S(14a)l % 
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344fe %o] 4^444. £4 4^4 4711 fe, ^2:(14a)°)]^ lH]4fe efl°)4(ll tfl*j l 3 )S^2] 4 

44 ^sj 5]^^ 4tfl2l s\*£%^-Sr £fe 4^2} 4^#2] S]^ jL%°] S.f- 70%iL4 ?145^ 4^ ^(14a) 
7l-434€4. 



°14°11 tMHI" 5l4$4. °J44 ^fls 4# X B, S|£ 4<r n °ti4 4344fe 4#3<?1 ^o}2. ^3i7\ 4*1 
$121- ^KSKr ^-f , 4 5]^ 3124 oje]2l 4# \ s] n (X ) 4# \ B°l)44 igl2 21)3.21 

4 4# A. °*144 $2 7fl3-4 ^#0) 712] £$0] &Cfj2 7V^«H8 4^4 ^i| 3 0.^ 44H)4;*14. 

t'44 3 



SIN;rn{ (^) -1 } 
wn {(-f-)-l} 



£93€r °J2]^ 71)2: 4#\ B. 4*1 4*r A i 3344^ -&3H2 ?24H jj.^. 405nm s] #4 j*). fij^ 

4, 44 650nm4 #4 1^ 4^#4, 44 780nm4 44 i4 5)^44 4^£ Jft-2] 440]) tfl# 4^-g- 4 
4<di £$0)4. 

£93<*IH, 471)2001 - 1957693: ^SL°I) 4;4Ha % 4<a 444 40) tfl-§- ^2.(14)3} 4^ ^2-.(14a)°114 &>«4^ 
w_V£^l M44(ll ^4 13)S-¥-E|Sl #S| 4*r4 Sl^^ 44^1 4 qi3S.2l.7ls. ^ofl 

$ -sp-ofl 444 4 cl^asl 4-8- 4$ <9*H*I SI* <g* ^ &4^r sJ-g- °> ^ 

£94^ 340nm <XB5 450nnr|- 4^4=" *ll2 4^4 44 *K* 2°D^i 4344xr #8114^ -72<>1H 4 
4 405nm4 44 24 4*144, 44 650nm2l 44 14 4444, 44 780nm2l 44 l^V 4*144 44 £-§-4 ^ 
2 4*1 fil^# 44«dl 5=444. 



£94°)H. 41 4 c]^H5.4 44 3?/£ir 7lWl wV£^l efl4*1 (11)5.^21 #2) 24 4444. 7fl2 ^ ^3 % ^ 
iHS2l 7]s. * /£ i=. 7 |)^o)i zl-z]- ^.ESfl eflo|^(12) 3J ^-ESfl efl<>l^ (13)S^-E-|2l ^-2) 5)^^ o|^fe 

350nm^7.i 420nm2l /fo]2] 4^ ^^S)-^ % v]^3.S\ ^ «83°1H S| 

^ JLi:* ^ Jiq-fe S# « 9X^. 360nm°ll^ 400nm2l Afoja] 4^ 4^S 



4^11 <fl# $12(14)21 S]^ ^-2i(14a)2l thiols sj^^. hj.^ o. s a^ev c^f. ^^^4. 

£95^ 390nm < KB < 440nm# ^sl"^ A2i 4#4 =1^ *\<T WW l-&fl°l2 4 

^ 405nm2l 6^ SI ^^"4, 4^ 650nm2l 4 ^^"4. 4^ 780nm2l ^4 3*} 4^ £-§"4 A 

£ 4M t^ev 2]£^.g. 144^ Eigolcl-. 



£95^^, ^11 % cjiass) 71^ Tfl^ofl eflol^(i i)S.^4 ^4 6^ 4^^, 42 % ^iass) 

4^- *VM SVE^I ell< : '14(l2)s.-?-E-i4 %4 44 4^^*, ^13 ^ qias.21 4^ ^/a^ ^>goq 

e(l44(13)S.^4 #4 34 4^-1- °l-§-4fe 405nm°11^ 425nm2l a>o)4 4^ ^ 2 4^-o.S ^*|- 

■3 444 ^ 4^H2] a>^- 4^- <^^o|]A^ ^ £|3 i^-s. ^ ^c^fe 3} -§- 2> ^ 5U4. ^"4. 410nmOlH 420 
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31 slM*l(ll 13)3.*^ I^slfe #2) s^o] zj-z^ 
380nm < X 1 < 420nm 
630nm < X 2 < 670nm 
760nm < X 3 < 800nm 

«}-£*ll 5floi^(n i3)s.-fEis]-^o| .s.ijL f.j!fs^ ^-i-si ^-^1 >i# *M ^-g- n*)^ £4 

2, £44, £45, £47, £482) # *H cflf- ^2:2}. 7l# ^ *W 4g ^2f- <ysi)S)-t =r 

^£°S, * #«M)2| i^fi] ^» ^ °H x>±K2) *}#<Hf;}c±. 

£°] tRtS 1 NA2Ji.«^ 2]#2l 34*J-fe #£*11 3H*l(12)3.-¥-Blsl %4?ty, NA3 

SLCf 2]#2} HVS^l *1( 13). 3.-^1 °] #^o] ^O]?} S)Sm ^o) ^^Vo)) <§^s} 7 | 

£42, 44, 45, 47, 482] # q-<£ #*H1 &<>H ( ufl# <ffl2.(14)}r S^+2] ^3 ^€^1, X 

141*1 3 3=3 ^ell-fl(mm), f-y ^f- d(mm), tfi# €^(14)<fl ^l^rr X 1$\ #^2j *1 <D 1 (mm) , 
^13 % 3^H°11 ^Jis) 7flA| $j /SE fc. 71-ihg- ^flSfe 3^2) 7iE)-t fB3(mm)eU nfl, 

0.7 < d/fl < 1.5(2) 

2.8 < <D 1 < 5.8(3) 

fB3 > 0.2(4) 

# uV^A)7.l£3- °)t}. 



JlH£ DVD-& UNA tfll- $2.3.^ s.7fls§10- 123410°11 7flAl^ 3}^ 271)2) ^^JlS ^£)fe ^!^7> 
^^512 ^fenll, 7 |# ^ofl l.lmmsl SH^V Slfe ^U£ DVD^ CD^ ^ J:^# -^§2} c()# =^*J 

Sl-fe 3-f*Hfe SQS-t a« TlEll- ^JiLS)-7l ^^2: f^O S g fe £o| «>%3)*>4. ojnfl, A o V 7l (2)> (3) a1 

* «>^2]5H, 0 1» f-«fl CDS] ah-^ Tl^-i- (4)^# -L>^l7l£^ ^ 5ft4. CD 

21 ^-S- 71371- (4H-I- ^HM 7l3i ^o.^, dvd4 n-as dvd2> a-o] ^- a_£. 7i# ^M|e| ^} 7 \ 

uliE^ ^^S}7fl ^^s)^l ^o> slit 71* ^^e] 7WS1-S. $#°] €■ CD« 71 s. TflAJjSHr ^-f 0 !^ CD 

^ rfll- ^1221-21 ^# 7>^* 4711 t ^ Xlcl-. 



S*>, £42, 44, 45, 47, 48e] % 5U*H-H. tR* ^S(14)fe d >i:Sl ^13 * <^3<>)1 ^112) 7flAj 

7l^# ^m$r ^-f2] ^^Hfl-i- m 3°l, 

m3 < 0(5) 
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-0.25 < m3 < -0.05(6) 

£42, 44, 45, 47, 482] % Z\<$ 5U<>H, tfll- 3I^(14)fe ^-ire] ^2 # c]^h<>11 ^J£2] ^ 

* ^2] m2°l, 

m2 < 0(7) 

.e. ov^a1 ? )£s. ^s]o] dvd2] af-§- ?]e]2] -g-o]-3fl;*]q, 

-0.20 < m2 < -0.02(8) 

-§- ^^H^lfe ?H wV^-2]*H, DVD2] 7]e]» SKS-sl-^ ^<3^*V il^-fr °<J5<5l-7fl ^*Jt 5U 

>}. 

4-§-°l|^r *fl3 ^Efloi] ;*fl8 # ^ cflSW l^^c]-. £96£ *l)3 %Efl°)] 4-g- ;*fl8 # ^ 4*] 

1- 7||§f3 EaIbV £^o.£, £.42, 44, 45, 47, 4821 # ^"3 #*]2] tflf- ^(14)2] S)^ 312:2) 71^4 ^ 
^02:21 7]^§- 44 %n ±z\3- 5U4. 



^18 # ^ #*]2] «flf - ^^(100)^ ^51*1) efloj^ (11 ^ 13)3.^3] 44 >m vfl^l *j 3 % z]±=L2] % 

£L 7)^^oi| %%a]7}7} ^ ^S(100a)2>, §^<§ 3!2.(100a)2] 0 d4 , a^ 0 ll ufl*l€ ^€^2] ^ 

2] &t}]3. o]-f-<H*l SJ^i 4fe 3^ ^4 (100b)* cfll- ^laolcf. 33$ <ffl2.(100a)2}- 

S]^ i4(i00b)^ #^l-¥-(100c)°fl 2]sfl ^4 ^-^S 2J^lS}-5lJl, 2431 °-S^°l) 0 )El(22) 0 ll 2]tsfl 2J^)s. 

^<>14 £"71^ ^*34. 



31 2- (1 00a) Z}^9) #3!2..£., 4# K 1°IW2] tfl# 312.(100)2] s3 7]e]t- fl 

W.WX 1<*H2] 3l2.(100a)2] ^ ^^H-d(mm), tfl# 3l2.(100)<>)] <y4s]*r44X 12] # 

^2] *]-§-,§- <D l( mm ), ^]3 # c^£L°ll ^a.2] ^^J 7l^g- ^sJSKr ^^2] ?]E]a fB3(mm)°14H 

0.7 < d/fl < 1.5(9) 
2.8 < $ 1 < 5.8(10) 
fB3 > 0.2(11) 

€i(100a)-s^r *\°]^ 4^ X 12] <9^HH ^47> £L^€ ^It 1 ^ ^» °l-g-t *r 
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S]4 %n £*Kl00b)s] S14 4£(100d)ir 7)U # t)14 3i£2] 714 ^/SE4 A\&S\±r 3* 

42) 4*r2} ^12 % ^±3. % A3 # ^H°)) ^SL^ 7]S. Qj/£4 ^s$6\} A}-g-5]^ SJ442) ^# AjS. ^SU, 

£«■ # 7}^ sJ/£4 7iwi A14.514 21*1421 447]- t))2 * ^^a. % t)13 * t^3°il 

2} 71 qj /SE l=. Af-g-S]^ Sl^Sl Sf^Ji4 5H^1£3. ^5)01 44. 

34 4*«h^X|-(i00b)fi) SJ4 4S(100d)2l 33**1 ^«-£42, 44,45,47, 483 4^ %x]2] nflf- ^(14) 

o] 5)4 -7 S (14 a ) o] S-Eflola 4^2] s)^^. 4,34 ^Oj^o j= ^t$£- ^444. 

°l-*e1, S]^ 4^Kl00b)2] 31* ^S(lOOd)^ 4# X B, SJ4 4*r nl4M aH43*r ^42} 4^21 4 
<5 b =nl- (b 2 - h z +b 4 - h 4 +b 6 - h 6 + • • • ) 

oil 21*11 ^Slfe #-Sl*|- fl-^S 4EHfe 7J4°)1 h fe 44jV5.4&|2l 4 0 l(mm), b 2 , b 4 , b 6 , • ■ ■ £ 4 

2*h 44 6*)v • • 3 #^-4 44 ^1=^(51^ n^3.SL 4 1 }), n l£ S]* 4^(100d)°ll ^-E^l 8)1°1a1(11) 
5 .« El o) 44 \ 12] 440] ojAfs)^ ^-fofl iMio-Rr S]4#4 ^2] 34444 44 S]442] S|4 4^r°14}, 

PD = 2(-2 • nl • b 2 ) 

6)1 213)1 ^2]£|4 2)4 WJSl ^(mtn- 1 )7> 
0.5 x 10 2 < PD < 5.0 X 10 2 

» ^Al?)^ ^4^1- 44 3)0] 44*1414 o]s. 4^ 4 £ ^| ellol^(n)e) £jg<| 2l*V 3!^(100a) 
3 3^121 °1*# ^711 Si4. 

*fl8 4^ 4*12} cfl# ^(ioo)4 £°1 s)4 ^s.^21 71^4 #4 3!S-5L*l2i 71^ 44 

43 ±z}3. S-el^S.^, £42, 44, 45, 47, 482) 4«!°j 4^2] 0)4 ^(14)4 iM ^* 4^4°11 3 

* 72* <y*ll ^sKr 34.011 H]sfl S)4 44 ^4(l00b)# 4#7l ^Tll 4 =r 

4*113 o.^fe ( s]4 44 4i4(ioob)2l S14 ^(lOOd)l- ana €4. 5)4 

100d)# 5g"a^Ml ^Aj§|.ig ^4 £.4^4 ^.8)1 n^'gss. ^eflols ^(100d)» ^14t 4sfl°l^ 
21 $4 .2.4011 214 si* Si42l *147l- 4€: s]4 44 4147V ^<H4cf. °1 34-^1 1-eflois 4^ 7 J- ^4 sg^4 
401421 4^# ai^4^s o]4 ha^oj ^4 44 4.4^ oj^ 4 0^4 



°i-i:ei, m % ^lfe >m ^ ^^3^1 714 ^ % ^^321 f-tg 714 t-m)21 ^is ^4, 

nH4 ?1^(100) f-21 ^4 ^-sj-Tili- 4^st^ 4«1- 4i7.1-2i ^is 5.4 4£sn sfloi^ (11)2) ^ A*WI 2)4 442) 
£sh -S-sl ^4H- «*«| cfl4 sis 42) ^4 *«Mll> ^4fe i7V2i ^4 44 £^ §4# 

0)1 214 73^*1-21 -7-^=r^ ^71- o] 14 4^e1|olE)(21)o1| S]«q 44 440.S. ^o)£)^ ^el 

^ (16)4 5>b4. 



(7117*^1 ^Sfl) • 

£97-8- 7417 *Al ^Eflo)] 4^ 7fl9 4 ^"^ 7fl4^^-S. HA14 £4°1^. 49 % ^^2) cfl4 ^2:(34)^ 

4^1 efloi7^(n)2l 44 <$<%d\]X] 447V al^44E4 47114 41 % ^421 al^ cfl# ^!so]4. 



4£*11 ell °1 71 (12)4 0 l-§-o-H di# ?1^(34)» 4«l) a)12 4 *)^3.<*\] 714 ^/a^ »)^4 «^*J4^4 is 714 4. 
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S>tt T^^f- ^Sl-Tfl iL^sfil, «V£^11 efl°l*l(12)» o)^-5>^ o)^- ^1^(34)1- -f «11 42 % cj^ofl 7]* ^ 
/£^r ^Jt 41 71^ ^] *H £3 ^#0] ^f.^ ^] S ( 110 )1- -?n]$cK 



3!^(110)2) #«h^<Mlrr ^4)^2] &x%rL S!l ^2(110a)7]- 5tUrdl, °1 5)^ 

#2] sj-#<>l u cJ"^S ^Sl-s}^ ;g-fo|) ^.^~y 7} ^ ^ wj-%Kos £3^}^ =?^x\ 

3^ T^aiOa)^ ^ESfl 31°l*l(12)2l <y^5fe sHMM aHS^-P-S- 3J*3 £-&-§• 



d1-?V7M)S, eH°l*)(l3)l- °l-§-§H ^11- «a(34)» -f *fl 42, % cjias) 71^ 7fl>a# t-«g^3i<s 

13)3.-?- El 2] f-^Hr >LKE*I] 3H*1 (13)21- °J ^#&JE1(17) A>o)2] #£.#ojl 24.$ 4°J 

D-^S >£#-S}ir ^"a^r^l-l- ^ifl^XI Ji3*Ka, sW*l(13)# °l-§-*H ^i*(34)# f-*ll *fl3 % ^ 

HSl 7)-^ 7^ ^ ^12 7)# *H i£;g ^OJ ^Hle^. 



^1^(111)21 Wa^Hfe- f-4^2] oi^^i 33 ^(llla)7l- 5Ufed], °1 

T 1 ^ °^}S\t= ^-2] s^j-ol #0^1^ ^o_s, #m\$z 7$3-4 ^^7}^ JHr •d^b 7^5* 

°l"8r&l, 2)^ ^2(1113)^- #E*fl ^]o].^(i3)o] 4^Vo)l al3S}sH 9l-°-B.S., ° 0 ^ej- g]^ Jl^- 

SE*V, 49 ^^121 cfll- ^!^(34)2) NAial- NA22>NA32l 7^ 4$: ^SlS. £50°11 

42> ^ -grtfl lEl7f ^^S]<H Slfecfl, O) &tfl ^Elfe £5H1 H>>1€ 42f 4^ ^* 7[^l££, ^^.21 7|4~ 

71)^1- ^ C^32j ^6)1 tt)-i3} 7^7} V$^%&<a ^^12) 



7119 % ^Ife ^1 ^- ^Jil- 71^ ^ ^^S]-^ 7§°-o\] # Cji 3 2l 71* ^2l 4& 3.*}, 

cfll- €S(34) -§-2) 3# ^Sl-fe ^ 4:71-21 4s. SL*Y, #5.4 eflol7i(n)2l 7112 21 ^^-2) 

^£ €^-°ll ^13 f-21 ^1^- ^^711 1- ^Sj-fe *«h i^2l ^41- 5ESr ^fl- 

°11 21 ^^1-21 ^?§i}^ ^-^7.} ±7.}0] ^ oJ>^6\)o] B\ (21)^11 filSfl ^^.S, &o]S\^ ^ 

°fl°lEl(39)» $>fecf. 



Hth, #^°flolEl(39)2) ^-^^o)lfe. f-41^^21 a.^21 ^-dls olf-ol^l Sl^ ^2(39a)7l- %^°\ 3X^n, 
Sl^ #2} 4#ol ^^^1^. ytyCLS. &$m±r 3-f°ll 31^ -?2:(39a)^ ^4 (39) 21 «!) i^^7> t«Wfe # 
4^- s.^^. 7 H°S, #alWlolEl(39)2l- OH- ^]S(34)1- -f 4* ^4 (ll)S.^-E^2l 
Till % cl^H2) 7^ 7ls^ (91) ^oll cfl^-g- Slol ^]#€4. 

£ ^[Al ^Eflolloll o]^-^- ^ Cfll- ^^S^ 1^21 ^lSS ^€ Ol^joll 2# 0)^-21 ^ 
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##*X^, £4» h. ^g^2) ^# r°leHl 4 ofaflsl ^«h&U3. v+E^ch 

tf. K # A 2| » wi^^ 4^L tVcf. 



i+)l-0 + /c)A 2 A 



2i 



S°1°H, ba fe #3.*y f-^S) 4t ; °U, n-8: Sj^W-i iH^fe- «|*** 3^ 5fe 3|^#al S^o] 

<r*H 5 



5E#, olsH 5. Sfe- E^oflA^fe. ioel 9L4«4| E(£Exr e)» <>l-8-*H. ««■ E-02(= 10 " 2 )^ ^ 

(49^44) 



49 ^44tt £42, 44, 45, 47, 48^1 zj- # *]<>] #44 aj-g-ff *r 4# «afi, 4^- ^ E7 ^ a^ t} = 

3*fl-«l # 4^34 %H.S\ 71^. * 440] 7^*1-4. 49 ^l«|s| cfl^- 42. B-^-§- £-g-4 5>H4, 4l * 4^3. 
(3J44 444« 4"8-*>Tr 4442] * 4^3)-g- 41 #*J2l 4# x 1-g- 405nm, 42 % 4^3(DV 

D)-§- 42 4# \ 2# 650nm, 43 * 4^3-§-(CD) 43 #€4 4^ X 3-§- 780nm^S. *}JI, 4l % 4^3 

2] J£Jl 7)* ^4 tlfe 0.1mm, 42 # 4^34 ^ J: 4# ^4 t 2fe 0.6mm, 43 * 4^34 7]% ^"4 t3£ 
1.2mmS 4£4. 4l 44 43 % >§.5L4 7l* 3J/5Efe 4^-§- ^4sKr 44 1-8.$' 4# €^4 

# 4^ NA1, NA2, NA3-2.S 44 0.85, 0.65, 0.50* tf^JI &4. 



5.53 44 £554 £92) cfl# 4^4 x 1 = 405nm, k 2 = 650nm, X 3 = 780nm444 ^-SE.f- £44^4. 49 

^444 4# 4^fe #«#4 Hl^^j-4 ^-4^4 a^2) ^4s. °)f-4*I s)^ 7^111 5d^4, «S*H 

f'S) *SE«|-M ^Sfe ^^<H 5Ucf. stK 49 cfl^ x ! = 405nm4^ ^ *}<2°-3. f>\ 

2. X 2 = 650nm ^ X 3 = 780nm4 A 1^ -fr* ^V^S 3>^c|-. o] fif zj-o] x 2 = 650nm % X 3 = 780nm4^ -fr 

t> avoj:o. s s].^ x| ! 4. ^^34 H I4 iL£ 71* ^47f # 42, 43 % ^^H4 % VA i °d^M7l^ ^ 
(4# a|*«4 * ^^321 "yA^si-o) 7_v^)i- £jg.«i =r safe- f- A 14 si^ Ji^«««>Wfe 
^S. ^- cl^H2] ils 71* ^-421 ^V°14 7l?l*H ^^^r^€- Si-^SS, o)^- 

*>fe £421 tm-Bc ^ 9l°] ^^2] 4s i*Ml S)^ &^2i ^s># ^a]^ ^ fltj.. 
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£56°11 t)]9 4# ^23] \ i = 405nm<>l) ^ 7fl^^ 0.85*Wsl t^^VE* EA^c).. £570)] 

X 2 = 650nm°fl iflft 7fl^ 0.65?W2] ^t^E* £Al§}«cf. 2$, £58°)) X 3 = 780nm°)l tflt> 7fl^^ 0.50 

* c]iH2) J4JJr 7]* ^2] *H°)1 nj-e* tHis)^ ^■S^W 4421 * ^JiS) 71^. ^ ^*Js|-fe 



X 1 = 405nm, NA1 0.85, tl = O.lD H 0.007X lrms 
X 2 = 650nm, NA2 0.65. t2 = 0.6°^ nfl 0.003X 2rms 
X 3 = 780nm, NA3 0.50, t3 = 1.21=1 nfl 0.002X 3rms 
ol 4. 



£59°11 X 2 = 650nm°l) ^ cfE ^Si^E* SAls^c).. £59c X 1 = 405nm4 NA1 0.852) if^S 
^sItt SH]7l) al^4 ^ *l«-a] \ 2 = 650m2) <yAH?] ^-f2) *)|9 ^aH)o] c)l# 3)2,21 ^$^*1- 

£592] t^^*|-£<*M ^ oj- ^Alofi^ x 2 = 65Qnm t2 = 0 6mm e] ^^-o)] 

EH«H NA2 0.657M3 ^# 7i2] ^-^VS. 42 % 3^32] %SL 7}^^} 3J#Al?lH, NA2 o.65^.cf 2]#-§- 

€• ^^sKol*!- " feM" 2} ^a1?Jo)1 ttl-e} ^2 # c)2h3Sl ^M. 7] ^ (92) tfefl 3 

#3*1 $5^ 3}a 5tl^. 



SE*. E60°ll X 3 - 780nm°fl tfl* tfe ^tg^ss ea^o^ £60€- X 1 = 405nm^ NA1 0.852] £^-o S 

2:El7l *)#4 #4^ *)#o] \ 3 = 780nm2l ^JaH?1 3 .fa] *|g -gA]o||s] cfl# ^las) 

SfHoiq.. £602) ^^VSoilAi - o^ fe 5 j^^ > ^AHsl tfl# qjafc. \ 3 = 780nm, t3 = 1.2mm2] 2t 
°il nfl§H NA3 0.50^^12) 7)2) *ll3 * ^32) 7^^(93) K M Z, NA3 0.5022. 4 

*]## fJWf *^Al^ofl oj-ef »|3 4- c^ae] ^ 71^(93)^011 ^^-s)^ ^j, ojq. 



o}7H " * Cl^H2) ^Jl ^^4" ^, Cfll- ^12:611 <$A}Q %4~o] % V)±3.3\ %H 7l^°iAj-oll tyx£ + 

*\A $*M(X » ^«2l 4^J-o.S nfl, 0.07X rms °l§l-)2l ^S. 7>2l?I4. <>1 ^°1 $2 

»|3 * q^aofl 3 £2) 7l^ ^ 711^^- ^sjt afloii 7fl^iLcl- 21^21 oj^^ f. f-Hfl^el-Ji 

S}^ ^ Cl^32l ^Jt 7)^AJ-S1 ^Ol ^£ OjAj-O.^. ^Ol-Xl^l gO£S, ^- C) A.H21 Ji± 71*0] ^-^) t|)^ 

=r 5a4. 71^- >gE7> A iS . 4# * cl^aoll cfl-g-^fe 7^ ^# 41^11- 1A7> SiiHS, -?2 

7> t>^^ «V%aisV4. 



^9 -i^Hfil tH# ^aoflAife. H^o] 7Hcfl »|l ^ cl^HS^ 7lJ& ^-^ tl* 0.1mm, #3)2] s]-^ 
405nm, ^ 7H^» 0.85-2. 7f^*H -M^l» ^l^^fecfl, a o^s] Aj.oj:o| ^ c)^^ tfl«ll^E ^ 4 Vt 3€- 
2?-8-ol 71-^^4. 

SEtt, ^))2 * ^1^H(DVD)°)1 cfltV 7l|^# 0.65, ^)l3 * ^^3(CD)°11 ^ AT^rM: 0.50 J&-3. §V<^ # 

^ AjTJll- ^4^^, 3 0]2]2l A>oj:Ol ^- C^Oll tfl«flAi£ ^ 2j^o] 7^^. 
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J£$, * " ^^r* £L3#4" , sHa^S>l- cfl# ^2^1 

±%2) aj-s 7 ))^ l |ollAi SJ-ifl ^\ 7 \ * 4#o|eU afl, 0 .07X rms °l*r, £14 ^^Sf 

0.05X rms «>l«r.)Sl -tfEflS ^*r» J5L^*Kr 3* 7 r 2]?14. 

£1341 ^9 ^*HS1 tfl* SQ^S] ^2- AM 3* 4eH&4. £^o)l n, f2, f3-8r 44 4# X 1, X 2, X 3°ll^sq tfl 
1- ^Sfi] 43. m i, m 2, m3£ 44 44 X 1, X 2, X 3°fl4^) tflS £#afl-§-, •=■■§■ dfe $ 4 

4 NX 1, NX 2, NX 3€- 44 44 X 1, X 2, X 34H3 v dfe d^W^l »M*r* 44HS4. 

[513] 

44 X 1 = 405nm11 nfl 

S$ 43 fl = 2.35mm, 4^ 7l|^NAl = 0.85, 34»l)-§-ml = 0 
44 X 2 = 650nm11 nfl 

f2 - 2.43mm, 4<§f 7fl^ NA2 = 0.65, 44«I]-§: m2 = -0.05 
44 X 3 = 780™°=! nfl 



2^4 7^ f3 = 2.45mm, 4# 7fl^ NA3 = 0.50, 44»fl-§- m3 = -0.10 





rW dU 


Nil 


Hit 1 X i« i 




*3. 


0 


36WST 










i 
? 


1.7M 
45,671 


J.50Q 


1.J6W4 


1.7W2 • 1.733*4 


4*:s 




i 

4 






l.tlMS 


l.fittW | 1.5% j 


3a o 







Al»405n* r ^2=«5CW» 




d3 


- • 4*. !*9 

moo aoco. 

0.855 0.779 


:.20O 

0.450 



6.2524E-C3I 7. 181S-M 
-6. W32E-C4} -3. 32ME-02 

1. 1&5€HB! -I. 74J7E-03 
-3.1854E-C4; 4.79I0E-O3 
-2.2350S-C5 -5.7767C-04 

2. 4449E-CS! -I. tIAOE-W 







k- 

b< 
bi 
,bi 

Ibis 


-6.Mt1E-0* 
-K3194C-04 
>,.«4«6E-» 
-».0IWE-0fi 
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SE^V, $.139) ®2L 4o)B)6\]A) 7)]^^ 7 )§ 4#(f-iHl oj 2£.4 4#)°1 4# X ^ ^l^ofl tyQ. sj.# \ \S] 

#2} 5\*£%%°} ^7} 5]^], 4#\ 2* 31^2) 71$ 4#°.J2- §H 4# A. 22j #2] 5)^^°1 3^4 S\ 

£^ SHE. Sli, 4# X 31- Sl^-a 7fl^2l 7l§ 4#-°-§L sH 4# \ 321 #21 S\%%%°) ^^7} SlES. g|.al E 
€4. ^£-, 4#\12| #21 S|3#$4 4#\22] #21 2)^#i8=4 4# \ 321 #2} 3)$$-$S) ^o] 

-8: WQ. ^4 7l§ 4#-2-S §H£ €4. 4421 ^Tfl o.^ ^^21 # 7 f 



2$, S1321 ^2: CllolE-io)|Ai 2)^^ Tfl^fe 5j^^-0| Cf=. o]b|$ 7.\-^2) 3)*i#ii4 ^ st^#^# S3 
Sl^Ol, 24 o] ^2l Jl^fil 5|^#o) c]-# 0^4 ai^^cl- 3. 51^^-^ s ya|£ ^cf. 

r 

(.^Iio^ahd 



^110 ^Hfe- #£4 E452J # ^<^ #*1°1| aj^-t t ^# #431s, 7|4 -g£7f ^5. 4« 3^.2) # c]i 
cB*b ^Ji2l 71^ * 4+$o) 7^44. JL^91 4413] % c1a 3S ^ ^S. 71^- ^1] tl# 0.1mm, #4.2} 
44 \ 11- 405mm, 7fl^ NAl-§- 0.853. 4j2, ;tfl2 # q^3(DVD)5.fe 7|4 *M t2» 0.6mm, #4.2) 
44 \ 21- 650mm, 4# 7fl^ NA2* 0.653 §>JI, ^13 # cl^a(CD)3.fe Si 7)4 ^ t 3» 1.2mm, #42) 
44 X 3* 780mm, ## 7l|^ NA3-I: 0.50-5.S 4^4. 



E6H ^110 -*UH121 ^# #47-112) \ i = 405mm°11^2) #S.£f- S.a14£4. ^] 10 ^)^2] #47)12) §el 
°fMlM{E452] #EHol&|(29)*ll cll-g-eVn}.}^ f^AS^El 4"t4Tr #4 44°1 # t)^H^2) Hl^44°il 
*§^4 f-^^1^21 ^S. o]^o]^ 5)^ ^-2:^ aj-.g.ofl ^s)) 40 5nm^^ 4# ^°l^o.S £2)-^ ^-f<>ll #£)o)lo) 
El 21 «) 2.7)^7} 4# ^# 7MU 5a 4. ^11 #€^S.^ A}^Slfe #2) 4^o) 4 05nm°lH 4# ^°1 

21 ^^21 ^2> «^O.S 51-Jl, o|.^.5l 1-JJHHE12) 2:^ 71E12) 2^^-S. «j ^^^21 ^^2] ^cfl 

^2J<y=2l 4# ^^l cfi^ ^# 31^21 7]El2) 2<^0.S 4f S?l>i2) ^S(-^2l ^cH^sq. 7^2) ^<y 

S>7fl Sf-H-S, ^1 M^El ^V#Slfe #21 4^-ol ^^-S>^ 3^-21 cfll- ^^21 21^fil ^ ^ 

4. 



£62°11 ^)110 -^AHlsl ^J# #t)-7il2l cfll- ^2:21 \ l = 405nm ± 10nm°ti ifl* 7fl^^ 0.854^21 ^^^>£» 
5^1*l-$4. £63oll ^)12 ^AHlsl ^ Ml °1 *\ 2> cfl# ?)S2l ^7))^ x ! = 405nin ± i 0nm o|l 

7Wt 0.857W21 ^^El- EAls^cl-. £6221 ^^^Eoll ^X\>£ 7^1%, ^ 10 ^aH121 cfll- ^jlsfe 
7l§ 4# 405nm°ll^ ± lOnm 4#°1 ^4§}^ 2:^1 21^7)- 0.005mm ^^cll, ##fl a>2l- ^ 4# 
# ^elMlolEi^ 244-3 £6321 ^^*1-E°)1 7l§ 4# 405nm°ll^ ± 10 4#°1 "fiSH^ 3 

■2-21 ^^21^21 tas^-g- 0.002mm ^Tfl t 



4£^11 £fl°1^2l S.S. 3L%°\] 2)$ 4^- ± l nm S 7V^5>^ ^10 ^AHlSl tflf- ^)^°Vsl 7)H) 

Ai2l J^AlS] 4-3^^2) Cli?!^ Ajg.^. o 16QX rmsS 5)^ ^ol^^^nV, ^1 0 ^Hl2l ^]# #4 

71121 ^El^olE^ cfll- ^40] f-AjTlHlAiol JE^ ^Al°l 4^421 0.001X rms 014S, 4^- 

^4°)1 21$ c)l§ ^2:2) 2]^= Aj-^ ^^1^ ^jj. 7 |. oj:^^ S#Slfe 3-§- 2> ^ ^4. 



4^, alio 4J*H2l ^]# #47ilfe ^1 # ci^noll Jgjii- 71^ ^ 7flAi}si. fe ^ o.^ ^. ci^sl ^.j: 7 ]4 ^M|2l 
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42 Ash tRfc snaq- #EHHEi f-s) 3# #«M|f- -^aj-fc- %n ±z}2\ £*)., ^e] _sl*h1 21$ a) 
^ £Efe ^-§: «SM 21 t^*^ ii^sKr -?^*1- £3 ^{^4521 7>^ ^(23)^1 



i 7f« 7ll3.#sl ^5L7> $Sj-£|fe i7f§ 1- ^ ^^flaj fti 7^ 7fls.^^ d^f^U, o) 

7| *fl|- THS^ol JCl, o| #7| 7fl3.#£ A^S. tfl^fc f-tg ^^Bj-Sl Afc]^ tifl^Sjci, *l=-ofl ^oj-^ oj^jj. 

°1 Sfl4. 



TfllO ^Al^ofl^^ Olfi). ^.g. g£ 7 )-€ 7fliL#2l #^o)) ^3] o] «j-«J:o)] rj^g. ^g-fr N(A , h)#, h« # 

^ £°l(mm), No(\ )» #E 7^ 7flS#e] #^2} 4^. x A 2( # «"*r 7)1^ 

N(X,h) = No(X) + SA a - h 21 (B) 

114°! t€2l iSH| SjsV 405nm2] 7l« S)-^ ifltb ± 10nm2] 4^J- 25^2] 7)& ^d\] cfleV ±30 » C 
21 «flfiW| SQaSl iflSI-, 7)H fl- cliHSl 0.1mm2l 7]§ jii 7l* ^cfl nflel ±0.02mm 

91 ASM| el«l| ^m^r gsn- g-i 7flafe1 g-il- ^a!^ 

* ^EMS^. S!!^ -2rEl sffl^oll u)sfl -S-5. ^^>ll n}# #$7} 3.2.2,, £SL ^^-Alofl 

fe #^-|- ifi^-g- Ji^sfecii, a ^^2: - 10 x 10 5 /icolcf. 

[S14] 







st^ <h?ii ♦>! jm «i»ti ^ Kurit 


At 




-10nm 


at 47 Arm 


0JW7 A r™ 
0.010 Am* 


1.5:89? 
1.531 S3 


S.BS3CE-04 
-J.7B80E-O* 






UlUm 


OJOUAfiM 
OOMAr™ 


1.930Pt 
l-6303t 


2JS30£-0$ 




*«atm 


O.J9JAma 


0010;rra. 


1.53030 
1.530» 


7.551 Qfc-CM 
-7.77MEHX 



>fll0 ^aH)21 ^TiHlAi #e1-iEl ^l^fe *el^oi^oit|.. set-, ^£ ^^1^ 4^. ^1^^. + 

0.05nm/'CS. §}«c1-. Sl4^Ai <HJ= ^-f 31-3E. ^s^l ^^^^l- H^^o|l n^-e)- 0.85e1-^ ^-g- 7fl^^* flS 3j- 
Till ^ q^Ho)) ^ill- 71 s * tDa^s^ ^^oll£ W %%$^7} ^ Sic)-. 



SE*V ai4«H SU^-M. HQ °1^2l ^^^.sfe 4^ 5.^ -8r£ ^^°)1 ^S(- ^ ^^-i; ^^- ( ^-g; 

7]^ ^^21 ^^1- ^S>fe ;g-f<*l g-i 7^ 7|)g.^Sl fit €^A)7l7l Ol^}, 2 7 j.^ 

7flsf»2l #^#°) "V^^-oi No(x )«a nfls) ^7flsl JH-'S^si* 21d}sH i oi^ls) 4^^^ 4^- SL*Y 

-SrE ^31-6)1 4-E 4# 5? «3>, iLS 71* ^^21 iL^Vl- -sf^sf^ ^^o)l g-i 7 >^ 7fl 

21 %nn ^7^)21 sq-^^sn- filnl^cf. 
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£64 % £65ofl *fll0 44 41 3 34 #*MlS] «SS>, \ 2 = 650nm, X 3 = 780nm°1He} ^£Et ha] 

E66°fl X 2 = 650nm°)l 3)4 7^^r 0.654*131 ^t^KE* H^Sj.^tJ.. 5Eth £67°fl X 3 = 780nm°ll 314 
Jltt 0.504*lsl Tt^^Ei. £Alsl-^4. 4]10 -SUH*| *J4 443)3) ^sfe #$#s] alT^tfcfl 

$2) S)^ ^21- 7M]2 5Hlnj, ^-g~g- f-^fl 3-f^-fi] * ^^32] ii ^7fl3) ^o)o)l P^gfl £ 

^sife 4<a^4t- 442] % c^on, ^£L2i ?i ^ms= *W 1-8-4 4# 7iT^ifl«iM 

sfH &£)-. ^10 ^AHlfi] ^7113] nH# afe 44°fl3) cfll- -§9JeV SQao|j5.s, Aj-^ev 



£4, ^110 4*Hl3) #q-7H*1fe »ll 4 ^£3) 7)S TflAj-g- ^bj-fe ^3-olloV ^g- 7 ^ 

7flg.^2] ^o)| ^^o] aj-^o)) tcj-s gi | £3H?} ^<3^2) ttjSH- a .^g)-cw fe .cll j ^2 4 41 

3 4 Cj^oll ^£3) 7)^ £ ^% ^*$f>}$r >§-f°l]£ #44 4l£.#3| ^£ 

3) ^5H£€4. 

S&4, 4110 44^3) #3.5.6^^ ^ % ^Oj ^jo} ^2}. ^o] a^o] %£_^o\] B)l*]Sl^ g ^f-E] 

E1# o^cf. ^fllO ^AHIS) 33. #^7)HH ^3). tfl§ i^o] A }ol°l «1 5g ^-^^ofl til ^f-ElE^V 

°1^3) ^aHH]a^ a^H^ cRf- ^ aJ.o|3] ^-s^oii ap)slfe tij ^#alEll- ^<*£c}.. 

X15°l) 4110 4*H)S) ^ %^}9] \ 1 = 405nm°ll nfl*l 4M£|f- £- A l*l"^^-. S152] dl ol E-] 6)1 A^ ^fl2 

^31 Tfl^Sl 7l§ Sf^d-SlMa^S)- ^J")* 4^ X 14 ^^1714. 

[£15] 

44 X 1 = 405nm°J nfl 

71 El fl = 2.35mm, 4^ 7fl^ NA1 = 0.85, 44^1: ml = 0 
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~L 000 3£-« 
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-5, IJ11HJ4 
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-l.il I4G-04 


to 




4. I4IJE-05 


h» 




-I MI£-« 



5E$ ai5^ 4<>|£j«l| 5a°W. ^12^2] 3^3 ai^xr 1*> cf# <H«1$ SV^al Sl^tfJH} €• S|3#* 

£16°fl ^1 10 ^H]2} ^Tflsl \ 2 = 650nm H X 3 = 780nm°l| tj|$ fla cHo) E fa E A) S -).^cf. 
[116] 

4$ X 2 = 650™^ nfl 

i3 ^3 f2 - 2.43mm, tQt 1 ^ NA2 = 0.65, m2 = -0.05 
4# X 3 = 780nm<y °fl 

2:3 f3 = 2.45mm, 7fl^ NA3 = 0.50, ^«8-§- m 3 = .q.10 
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£15 ^ £162) SQa cfloiEioii nflf- ^2.2] 444 4(4, 5156)1^1^ 7fl7^, ftl6°fl^fe ^54)2) S)44 

711421 7l§ 44(4sH2:i=4 44)°1 44 X 14 <y*l«|-J5.3. 44 X is| 4s) 2)444°) s)£r<4 44 x 

21 5)44 Tfl^ 7l§ 440.3. SH 44 X 221 42) S]^^o| 2\tf 7 } S]£S ^£ S) 44 X 34 344 Tfl 
42) 44^ «M 44X 32) 42) S)444°l *W S|514 44. 44 x 12 j 42) 34444 

44 X 22) ^-2] S)4444 44 X 32) ^-2] S)4442] ^o) 4*)^ 444 3)42) 7)§ 44^S 5^5 

€4. <H«4« 43-2] 47)) £3 o.s 4 4^2) 4 43 4*I<>11 *)4 7)44 44t11» 4 44. 



£E4, 5.15 ^ £162] 312 ciHE-H] 40H, C ]i§- ^2,2] #44 £2] 5)44 lS j. 3440) c}s ^^ev ^ 

2) 5|44iL4 a. 3)4444 #£3. 4344 <>4, 24 °}^2) .T>42) *)44°1 4f o]u\i£ 442) 4)44:514 €• 5) 

4444 4^4 44. 

BE4. £15 ^ £l64fl.f2, f34 44 44 X 1, X 2, X 3°M2) *J4 447)l2l 0)4 3]22) 7)4 ml, m2, m 
34 44 44 X 1, \ 2, X 3°l)42l 34 447fl2l cHl- <ffl2.2l ^tfuiifr, R-2- ^f- 44 d ^ £ 44 N x l, NX 2, 
NX 3-fi- 44 44 X 1, \ 2, X 3°l)42l ^44, v d4 d^°l)^2) 44^4. 0)42) 4AH2) ^2. cl)o]Ei2) 

£°IW£ 42J44. 
(^111 4 AH) 



^lll 4AH1*7 £ 46 21 4 4*H1 2)44 ^ ojfe 447fl.S, 7lS- ^ E7 f A-lS. 4# 3442) 4 Z)^3.°\] C)j 

4 3SL2) 71^ <* 71444. i^tq] ^Mcfl r]^3_3_±. 714 4*1) tl4 0.1mm. 442) 44 X 

1* 405nm. 4^ 7fl^^ NA1* 0.855. Sj-JI, ^2 ^ cl^H(DVD)Sfe- il.^l 714 t2« 0.6mm, ^"€^ 4^ 
X 21- 650nm, 4# 7fl^-^ NA2» 0.65S sfH, ^13 4 tli3(CD)S^ 714 =4 t3-|- 1.2mm, 442) 4# 
X 3* 780nm, 4^ A*r*r NA3^r 0.50^-S. §>«cf. 



£68°fl ^111 ^]<A]s\ ^4 447112) X 1 = 405nm^42l 4S.£» £A)s)-^4-. H69°ll ^13 ^4^21 ^% 4 
4^2) x 1 = 405nm ± 10nm°ll c))4 7fl^ 0.854^)2) ^4=r41" £A)3)-^c)-. ^)n ^]<A}2\ A]\ 

0 a) oil si 34 4471)2) #eHo)Ei4. 447H5. ^li ^^.s^-eI a>^s)^ ^-21 4^-0) 405nmS-?-Ei #4*J~ir 
SL3. >d44fe ^-f °l] 4 c)^a#2) «i^Aj-o)l ^aj^j f.Ajig^2) ^^21 ^-cfls 0)^.0)^ s)^ ^-22) 4^-011 2)«B 

-g-^Dflo)E-l2) ^ i7)>i7l- #o)-^fe. 44 S-Aj-g. 44—^.^-6) Af^S)^- 42) 440) ^44^ 3-2-21 rfl 

# ^2:21 3:^ 21*)21 ^41- 5LAJ-4JI 0^4 4UH2) Cfl# ^12:42) 7)H142) ££ $.%S.}2) ^^^o] C)5.5H 
^ 4^°1 0.201X rms°]nll ^4^, ^)n ^^^2) ^4 447112) #eHo]E-]4 <fl# ^1^2) 4^7llollA^j2l i£ ifl 

a) 2) 4<a^42) Aj£.g. Q.003X rms£, 4^J- ^4°11 4# 41* ?!S21 ^4 44 2)^21 447f 4^4t11 ^. 

4s)fe 5! 4 4 ^ oj4. 



4-l-El, AlUl 4AH2) ^4 44711^ ^))2 4AH21 ^4 447H4 447MS ^)1 4 t^H°!l ^fil- 7l^ ^ 7flA3 

4fe ^4°11 4 «^^H2) iLjr 714 T^12) »|2 5.4, cfli- ^2:4 #e1d)1o1ei f-2) ^4 4471H- 444fe 44 ^4 
2) ^2 54, 44^ ^112 5.4°il 214 4421 44 % ^44 $5. 44°11 4# tflf - ^1^4 -&eHo]Ei 42) 3 
4 447111- ^44^ 44 ^42) ^4 44 ^44 440)1 4= 44^421 444 ^4^ 4444 Ji^ ± 
4» 4^4. 
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£17<*| #^2] iSHl Sjtf 405nm5l 7j# St-^-ofl cfl^ ± 10nm2l Sj-#2j 25'C2) 7]§ 2.5:0!) tfl*V +30 

°C2\ ■&£ «SN #^<N *1 * <^32l O.lmm^ 7]§ 7|# f-*H cfleV ± 0.02m 

[S17] 







o|?t"1 q« 


*4«H4 *\* 


N0(A1 


At 




-!Onm 


0.ZJ3 Arm. 
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OQISArmi 


1.S302O 


S.S 7005-04 
-8 03SO5-O4 



10 -^H^ a\$. 7 }7]^ ^Sl-Alo))^ f-a^B] $ 2 aJ ^g-f ^Sj-'LV^- SB} S^Ol, 3 ^S)-^ - 10 X 10- 

X\S\ %Q3\ S)-^ ± 0.05nm/ts ^tf* #S 7}& 7flS.#2) #^°11 ^ajoj wj-^ojl ^ ^ 

£ &£tt ^1110 (1)^1^.5. x+F4^^ ?14. £5°1H of^g).^ ^^^j. j^eH, 

0.85^fe 7fl^# 1^.5. 5>^- 7)]l % Z]^3.°\) ^SLl- 7|S. $ Tfl^sKr ^-fcflE. %VA o V ^ 7 ]. oJrJrSl ^ 



H70°l) xflll -^^1^21 #«Ml2l \ 2 = 650nm«fl^S| EAlSj-^c}. S£^, E7H all 11 ^a]o))s] 

^7)]21 \ 3 = 780nm°fl^2l *SEf £AW$|cH 5E*h £72°)] X 2 = 650nm<>ll 7fl^ 0.654^2] 

EAl^Stth SEth S73»ll X3 = 780nm°ll cfl# 7fl^ 0.509}*ls] t 1 ^*^!- S^m^c}.. ^3 ^ofls) 
afll * ^-g- tfl# X 1 = 405nm. NA1 0.85, tl = 0.1mm, 1#«H& m 

1 = 02] ^^*V7f S]£S. 4,^ ^ S8ao]t|.. 



* sl^ ij-^s ^^*v ^ili * ci^3 cn# °l-8-^ *|2 * ^ 

^13 * ^^3oll ^^.21 71^ R| 4 5^4. 



°>i-el, 42 % ci^3 ^ ^13 % ci^H°ll ^a.si 71 as- 35 *H-§- nfl^] cfl-i- ^^oj) ^ ^.^g. <>jam^ 

^ 4* 71 Hi* ^-Ji^sa^. S18<fl AS. 71* ^9flel »Vo|«H 21811 &#t>}^ T^xYM: 3.%%: ^4* ^xfl^cf. # 

#a 7V^ 7flg.#2l #^o)l ^a]ol wj-^oll tcf-l- ££xr ^12 ^1^^ f-^Sj-Tfl (l)il^.S 14^^^^. 

5*V °1^2l n*)- ^ja^af* ^Jisl-Tll ji^«F7l 2)sm 2^2) ^*4£ si ?11t °121°11 4^21 g-i Tfl^ 



[£18] 
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SE$, ^-«t-^^o|]^ 7fl^- 41V ^ SE^r 7fl^ ^d^^o) s)&]7}- ojc)- 

£50°)] ^ £o| cflf- sfiZ:(34)2] ^^(34a)^1 NA14 NA2°I] 31-§-*Hr *ll &^ 1 

3(41)*. NA22J-NA3°!1 «W}Tr ^12 <3^H1 €3(42)'», NA3 °]^a) X|3 <3«W 13(4 

3)1- Zf 2 * *f €3(41 MM 43)fe 4 ®*}*°] £5H hV^ 4# S^-fr #511=- $43 

<H «*3H,' 4# f-'S ^ 650nm, ^ 780nm2f £o| t}= 4^-2] ZJ- ^o)| cflgfo^ 7 fl^ o|#aj ^ 
£ %y^H sj-tf 405nm3 f-3M?lfe 7fl ^S: NA14 NA2Q NA3^S ^ 9lQ. 

o|aj$ a}e»^o1 oj fe £cfl -f-sfl ^]2 # % *\}3 # ^3°1| 7)-^ * 7 j]^.fi. ^g-).^ ^-f 



£19<H) *l)ll <*MM*1 3!*3 3H3« S 19 2l ^2, cflolEiolH, ^2^2] 2^3 31^21 7)§ 

[519] 

4^X 1 = 405nrn°J ^ 

7-13 fl = 2.65mm, A 0 V # 7fl^ NA1 = 0.85, l^Hfl^ m ] = 0 
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£20°11 *flll -gAHSj ^% %nH]9) X 2 = 650nm D ^3 = 780nm°l] tfltt c)1o|e-|# £Alsl-934. 
[£20] 

4# X 2 = 650nm°J "fl 

7]^ f2 = 2.72mm, 7fl^ NA2 = 0.65. m2 = -0.10 

4# X 3 = 780nm°J nfl 

^3 7] el f3 == 2.74mm, 7fl?^ NA3 = 0.50. ^^fl-i" m3 = -0.10 
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£74°11 ^|12 -^^oflo) ^^|fi] \ i = 405nm°11^2l *SEf £A|«r$c|-. £. 750l | ^A|e|s| 
#*]4|2) X 1 = 405nm ± 10nm°ll cflt> Tfl^M 1 0.854*12] T^^r* £^14°44. ^12 #4t)HH 

tg] «1>i«Ci* TMj*Hr ^-iH ^€ £4^2] ^t2| olf-ol^l s)^ ^o, ^^.ofl ^ 
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44. 412 44<14 tfl# 3)^44 TfloflAi^ £H 3l^a)<>) s^^e) q£?)A Ajg-o] Q.160X rms?]cil 44<4 

12 44°fl4 34 4444 «J 2^44 tfl£ 312:4 444<4H4 J2.SL jL^Ajfij C^iH^ ^44 0.0 

07X rmsS, 44 444 4# 31^4 44 44 444 447)- 4^44 SL444 44 4 4 44. 



444 4l2 44°fl4 34 444xr >Hl * 4^3°)) 71-1=- 5| 4*1)4^ ^-fofl * 4^34 Hi 71* 4*114 

afl2 £*h 44 ^4 #4444 42] 34 444* 444xr 44 4i44 A3z .2.4, 444 4& iSH| 44 4 
44 44, 4£ 444 4£ 444 4* 4# 31^4 #3444 44 34 4441- 444fe 44 ±z±s) t§4 44 
E^r #44 444 4-E- 4£444 £L^Sl-7l $]4 4444 £3 4i7fo| ty «] A.^o]f- 4 A 34fe 442{£ 

474 4 3)2.(32)4 4444.}4 44 44^-£ 44 7^44 4SJ4. £4444 2)4 44444sfe J£ 

o)A 2 <y^O] oJj^6|]olEi4 Sqofl^ o^^oflolE^ 0)4$ ^ o^q-. £4, ^12 44444^ HI A^c-121 «£ 
4 7)44 Tfl 4#44, 44 7)444 44 ^-8- 44^44£ S\J1., £4 44^4 34^4 °^oHE ^c)-. oj-g-e), 
#44°] 44 £4 71444 44s. €4. 



5.214 444 42, .2.44 2)4 405nm2| 4§ 444 44 ± I0nm2l 43 44, 25^0 2] 7)4 4£ofl tfl4 ±30t 
a] «i4°ll 4# 44^4 ffflaal gs^ # c^ 3 o) 0.lmm4 7|§ £LJl. 7)4 444 44 ± 0 .02mm 

2] 7112: .2.44 2)811 34 44444 4^£]fe 44444 ¥14* D 4^444 «^ 2 | ^ wj-^ nj-a). 4444 

£34 ^4» 444 344. 
[521] 
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£76 S £77°11 7fll2 4*H2l ^4 4471121 cH# \ 2 = 650nm, X 3 = 780nm°1142l »SEf £^4^4. 
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4. 7i)i2 44^2) 34 4444 cfl# 4i 44^14 cfl# ^4 4^4 4# 3 4^4 4^^. gofl 
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^ 31^2] 71^ s|-^-(l-eflol S = ^- H}-^- \ 14 2J*l$tK 

[3.22] 

4^ X 1 = 405nm2J nfl 

2:^ 7^ n = 2.35mm, #<§r Tl^M* NA1 = 0.85, l A o v «fl-§: ml = 0 
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[523] 

SHJ" A. 2 = 650nm^ nfl 

2i3 7] 2] f2 = 2.43mm, ^ 7fl^ NA2 = 0.65, 3tf«1|-§r m2 = -0.05 
4^ X 3 = 780nm2J nfl 
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71 21 f3 = 2.45mm, ^ NA3 = 0.50, £<$^% m3 = -0.10 
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=^2} 71 § «W 4#X 321 ^21 S^^^Ol s)cfl 7 f -gt}. i£ # S^X 1S| #2] 

4# X 221 #2} 4^ X 321 #2) 5)^^21 #3)i=, s|.^. 5)^^ 7)]^ 7 )§ s^O.^ sfo^£ 

34. ^2) A}7fl £3.2.3. £ ifi^S] * ^-g- 7^*1 ^Till- ^ $Ucf. 



£22 $ 3.232] ifflS c|lo|E^oll flol,*^ cfll- 312.2] %Q4± £2] S|^£ Tfl^ir l*f *Hl* 0 l t}# o)a(|Q. ^ 
2) ^ Sl^^l- #5L^ l^slfecll, 2*V °1^2) *]-^°] 51*1-21 Sj^tfo) 4= 0)13$ *V^2] S\ 

(*fll3^*H) 



*|13 ^^Hfe £4821 % #*H1 a}-g-t ^ SUfe- 3# *^S^, 71^ ^ S7 |. cfs 3^-ff-S] # c]i3°11 
tfl*V 3^.2] 71^- ^ 7flA!)ol 7Br5}i}. H'aso] ^11 ^- c^H-sLfe £1^1 ?lt tl# 0.1mm, #€2l 4^" 

X IS: 405nm, ^ NA1# 0.853. ^12 ^" ^^3(DVD)3^ MJ: 7]# t 2# 0.6mm, ^€21 4^ 

X 21- 650nm, ^ NA2* 0.653 S>JI, ^13 ^" c]^3(CD)3fe JSiX 7l^- ^Tfl t 3^r 1.2mm, 4^ 
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X 3-1- 780nm, 4* 7fl^ NA3* 0.50 ^.S. 4^4. 



£80 ^fl*) H82°fl ^5 -y^-Hl^ ^4 4*Ml2] \ l = 405nm, X 2 = 650nm, X 3 = 780nm°)H2l f££f 44 £ 
a14£4. £4, £83^1) *1l5 ^AHs] 33. ^TflS] \ 1 = 405 ± 10nm°ll 7fl^ 0.854*13 ^^^4£« £ 
*14^4. SE4, £84°)| X 2 = 650nm°ll nfl4 7fl^ 0.654*1 3 t^^-E* E*14^4. £86°fl x 1 = 40 
5nm4 NA1 0.85 42} 2^0.3. £%s)^ *1^4 ^~f-*V #4= ^f-a] \ 2 = 650nm2] "84*1?! ^-f s) 



afll3 ^*\*\}2\ 34 447)12] >fl# 44^2] Hl^^o)) *<y^2] 4*r2] &cfl.sL o|^o)^ 3]^ ?H 

4 °1 3^ 42.21 4-8-* ^*MU # =1^3 4 ^]2 4 nl^H2l ris 71* ^2] *H>H d)«q <tMI=lfe ^444# 
442} 4 ^JiSl * 7lH-§- ^=J4fe «H l^ev ^ 7 f|^tflo|H °<fc£SM SL*j4:a 551=1-. 

£4, E862] ^^^SVJEcflAl °> + 5 )j H ^ > ^ 2 $. c^ho)) ^ JiS) 71 S. £ 7fl^# nflol] 7fl^M 

4 sq&2l <g^^ f-44fe 44* SeflolS. 4H 7fl2 * c|i34| *jiL2) 71* ^ jfl^-g. nfls) 7)1^ 

44 #4.8.44. 

SE4, *|13 4*H2) 34 44t1HH^ u = 780nm2l 44 444 cfl# °d4^1?i 44 7)]^4 0.50 °lsH 

t^sh- iL^gsH *I3 * q^H<H| U)4 $jisi 7]* * 71)78* 4*344. 



444 *|5 ^AHfi] ^7|] cfl# ^1321 #444°1lTr a«3 4 q^Holl ^Hal 71* $ 711^-i- 4*<!14 nfl«»l 7fl 
4 44<y 4* 4^ol 4fe 44. ^13 * 3^30)1 ^^.31 71* * 7^4 49!4fe 34°llfe 

IJS. 7fl^4 OJAJ.^ #^.2. 4^ ^QjAjo] £tf| ^-«|| 4444. 44^1, * Cl^H2l 38 14 7l*^^oflA^ ^ 

s^fe ±% ^1## SU4. 4$ ^^^°1 safe fttB ^Eisfe E504 tf* cn# ^!^1 SZ^^i ^4-§r°l £52<^1 



^15 ^^o,!^ ^7)121 C)l# ^21 sHa^*>fe, 

X 1 = 405nm, NA1 0.85, tl = ClmmU nfl, 0.007X lrms 
X 2 = 650nm, NA2 0.65, t2 = 0.6mm c a 4, 0.002X 2rms 
X 3 = 780nm, NA3 0.50, t3 = l^mm^ nfl, 0.005X 3rms 
«14. 



^^Ofl <8^^ ¥4)€^S1 S.^^ £t|J S <>lf-<H^l ^21 4^-6)1 2l«|) ^|1 ^O.S^-El A>#S)fe ^-21 

°1 405nm°ll^ 444#-^-S. ^44fe Sel^^E^ «| i?1^7> 4^ 7^H, ^ll ^-«o.s 

*h*l A>#5jfe ^ 4^.0] ig^fe ^ o-o] ^ # ^^o] ^e>4 ^13 ^AH121 t||«. 3!in>2l 

n<%*\4\ S.S. S-^^S) 4^4^! cl£?^ ^g.oj 0.163X rms"?] ^<^1 ^)U3 ^^oflfi] ^47il2l §Ej 

DflolE]fil- rfl# ^421 ^7H<fl^2l JZ.= A^a]4 4^^421 cII^a 0.001X rms^H, 44 ^4°)1 4# 

cfl# ^is2i s)^ a o v^ flsjsj £44 ojrjr^ iL>s-4fe ^ ^ o|4. 
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•V-frai, *fll3 4i*H2j 33" 347flfe *l]l 3 £^H°)1 ^SL2] 71^. ^D^^. ^aja^ %J>-d\] % t\^3.s] £.2. 7)4 

^ *(|2l ^2: £-4, ^2:4 ^5H°m ^ 33 T^4fe 34 ^4*1 .2.4, #«S) »}S j2.*HI 

4# 432) £4 ££L £44 fcSHI 4# cfl* 31^4 #e)oflolEl ^-s] 3 3 347H* ^sHr 34 ^42] 
^3 £44 #^ir £4<*1I 4# ^"r^s) £4f- SL3471 £L3 &*\9l #eH°l&l {£4831 #eH°l 

E1(39)<fl tfl-g-44}* *^ 'JHM-S. £o| 7^S>7fl 4554. #2-HW&1« «o]Al7)7l 2)4 -^^lojE^fe iLol^ia 



524^1 3^21 all 2 -£4<44l- 405nm2l 7l§ 43°11 tfl# ± I0nm2] 432) £4, 25°C2) 7|§ ££ofl m$ ±30 
°C2] 44°11 l-efi6j 5&asi £sh ^ t # clA 3S ] o.lmmSl 7l§ Jii 7)4 cfl^ ± 0.02m 

m 2l XI a i*H sis)) 33- **MI4M *^s|fe ^£^42) 44-t #EH°ltMl- *^ 44§- 44 "Sol 4*1 £34 
14* 44\H 53 °1 4. 

[3.24] 
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3i3 ^3 f2 = 2.45mm, A o v # 7fl^ NA2 = 0.65, l^Hfl# m2 = -0.05 

3 = 780nm°EJ 

S3 f3 = 2.47mm, 7fl^ NA3 = 0.50, m3 = -0.09 
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l>9 


L 30S5E-0S 
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3.25 31 £262] dl 0 lEi°ll floH, cfl# 312-2] 4^ 4(4, S.25°Mfe *ll26£°)Hfe *)H4)2l 2)44 

n^s] 7|§ ^^d-efloiscs). 44)4 44 x 14 <a*l5}s.s. 4#X is] #4 S|34-$o| 2)cfl7f 4^1, 44 \ 
2* SI^S *l«rS] ?1# 4#-°~S. *H a^X 22] *s| Sj^lM ^tfl7)-sl£^- sH£ £U, 4# X 3-t- S)4<3 7)1 
T^l 7i§ 4#j»s §H x 321 #2) 2)444-0) a| l fl7j. sjtf 445. ^4. 44 ^ 12 ] 40] 2)444-4 44 

X 22] #2) S]^^4 4# X 32] ^-21 #S1tt 4#-§" 3142] 7)§ 4^*.S ^1^. 

<>W ;§44 44^ 43] 43 o. s 4 4^0} 443 4^0)] 34 7^ 3# T Stt^. 



S&4, £25 S £262) ^3. ^MeW 444, cfl# 4*0] 444 4°) 444 3)4^ ,4 §1440] 4# ^ctjsV 44 
21 5)^^4 sj^^l- 45L4 ^4^1. 24 °142] H42) Sj^iM 4^ 444 442] 2)4412.4 e 511 
#^-1- SH£ 34, 

(7)] 14 i^M) 



»U4 -a^nt H492i 4 *><a 4*h 344 4 safe ^4 %nn^, 71-4 4^ 3*42) 4 c]a 3 oj 

t))4 ^e] 7 ] 4 ^jo) 7>^4 C 1-. 2.^o] 4^ lcfl ^ 4 c]^ S fe 1LS. 7)4 ^ tl-§- 0.1mm, 
X 1-fr 405nm, A o v ^r 71)4^ NAl-§- 0.855. 4H, 42 % ^1^3(DVD)S.fe -SLJl 7|4 t'41 t2« 0.6mm, #^2] 4# 
X 21- 650nm, 4^ ^Ht 1 ^ NA2» 0.65-sL 4^2, *1]3 % ^^3(CD)S.fe 7]4 t^I t34 1.2mm, 4^2] 4# 
X 3-§- 780nm, ^ 7fl4t- NA3|- 0.50-O-sL 5^4. 



E87°ll *)U4 ^^H12) ^4 4^121 \ 1 = 405nm°1142l 45.JE4 £.44£4. SE?h £88^1 414 4*H2] ^4 
447)12) 0)# 3]2.2) \ l 405 ± lOnmofl cj)4 7fl-?^ 0.857}42] ^"£^4£* £^§1"^^-. 

^0114 ^.4°il2l l-S)oflo) E ^ ^))2 ^4^)2) ^4 447))2) a^aflolE^]- a}^ 7 }^]S. 4 ^3#2] ^4^40)) 

•i-414^2] 44a) 40)S 0)^.44 2)^ 42^ 440)) o^gfl 4^0.5!^ A).f.slfe 42] 440) 405nm°)l^ ^8" 
4^-2.-5- ^^-sl-fe ^-f^l *el4)oiEH^ ujj i3-4^fe 4^ ^* 7f4^, *0l ^•€i > -S4E'l ^s\^r 

4^°1 21 nfll- i|2S) 2)^)o] S.44J7 0^4. 

*U4 ^^1^121 oil- ^42] 7))ofl4^ £H ^442] 44444 ^S7l^ 440) 0 .20ix rmstl 5J<H1 ^14 
^*H2l ^4 ^Tfla) 4&)riHo)Ei4 tfl# 31S42) ^^l^l^^ £Hi^A)fi) 44^2] ^^4^444 0 0 o3 
X rms°H, 4* =h& cfll- ^1^2) s)4 44 s)^)o] 447]. o^gj.Tj) ^44^ ^4 4 4 44 



°fi:&l, ^1114 -S*H2| ^4 447)lfe ^)i 4 c]i=L°l| ^^.4 7)4 S 7)1^4 4fe ^-foll ^- c)^34 7)4 t 
^2) ^)S 5.4, ^2:4 #2l^l°lEl 421 ^^-4^11- tM^Ht 4^42) 7))2 ASK 4^2) 7))2 iL4°)l 4 
4#2) 4^ ^£ ^3)-M- ^^°11 ^# c)l# 4eH°)El 42I ^J4 *^->H* ^s)-4 44 ^43) 9 
^si- 0 !! nf# ^'3't 1 ^21 444 ^^47) 2)4 4444 ^.^ ^44 #£)d1)o1e11- 44 

«°1 4^4. 9Z)T4oie|l- \flolAl?l7l 2)tb ^«1MIHS& a.ol^22J^S) ^^o))o)e14 ^^M|ol 

Ni- oi-g-t^sa^. 



S27°)l 4«2) 4# 405nm2) 7)§ 4^ ± 10nm2) 4^2) 44, 25'C2) 714 4£o)l n)l*V ±30 

t:2) 45L 44°)1 ^1^2] #44 44, ^1 4 c)iH2) 0.1mm2) 7]^ jii 44 ^^1°)1 cfl*> ± 0.02m 

m 2) 7fl2 £SH) 2)3)) ^4 4^HHi 4^slfe ^-3^^1-21 4S1-1- #sH°1e-11- 4^ nj-ej. 4°W?1 
441- 44^ 530) 4. 

[5.27] 
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a?) -Is} 


dO 




if* *H 


♦ Iftim 
-lOnm 


O.IMAnn. 
OMOArn. 


0.017 A rr» 


15 m 

1HJ43 . 


13.394 
12J4J 




-MIC 


(UOOAmi 
0.322 A mi 


(XW A rrr- 
aOWAmtt 


13.S5* 
MUK3 


1X62* 

\zm 




♦COImm 


0,t9SArmi 
CL1 97 Arm* 


OOtlArtn* 
0.01 J A nm 


I3.7W*' 


13.381 
12.W4 



^Sl-Aioi| fe -fe}23 3!^el ^^.-i; £s)-°>-g- j/BlsRrt-]], 3 ^Sf^ - 10 x io 5 /°C°14. *1ll4 ^aH 

2] ^% %nn°\\ 9X^, f-^Sj 312^ #2l°flolE-| * cfl-§- 3l2o]cf. ^Sj-Ajo] ^ £3^-§- 

+0.05nm/rs ^<S4. £27°^, <HaH^V ^^-H. <#jrs}7fl s}.^^}- SL^^r $]-§- t =r 5U-<1°I, 0.854fe ^£ 7j| 

IIS *fll % ^^3.<t\ ^Ji» 7]S ^ ^S$Z\^ ^°1|5L ^-Efl7f <$3L*J; 2#-& ^ 21^. 

SE$, S27«1)A1 dO, d2fe £282) 7Hg #3 dO, d24) ^t^. dO ?J d22| ^7l*ltr AA 16.185mm, 

1 3.000mm °1 4. 

A\H ^ A l°i|2l *^7\\s\ X 2 = 650nm°i]^2) ^SEf £^5)-^^. se*V, £90°)] *]14 *A% 
\ 3 = 780nm°lH2l SaI^i}. E91 o)) X 2 = 650nm°ll 31*1 7 fl^ 0.657M2] 

Sl-Sl- £Al3|.«q.. H92o)l ^ 3 = 780nm°)] fll?]- 7fl^ 0.504*121 ^^5:3. £^5}^^. 



^114 iUHe) 33- ^-S(-7i]2l cfll- 312^ *1U # c]+3. ^-§-2] 31.25.*], X 1 = 405nm. NA1 0.85, tl = 0. 
1mm, %$4-§r m = 02] 3£«\fi.S ^^-7} S]£S. ^ ^ ^.^o] nj.^ > ^aHs] 33. 

21 cHl- 312S ^ll # nl23°l) «l*fl SjSl 7]# if-vp} -E ^12 % ^23. *ll3 # c}2H°)) 3^ 7]^- 5! 
i r*j5f3}'3 tL^ 4<y «J-^o. S ^.^^^ £2H4.t}. olofl, ^^p^ ^ 2 o] ^ cl^3#2) ^^-^^0)1 f-Aj.^^^ 

21 &ci)s fl^l^l Sl^ ^Ajgi-jn, o) s]^ ^-2si 4-8-^ f-sfl a.^ 4<y ^o. s ^.^.^H- 7fl2 

^ cl^H $ ^3 ^ cl^3°)l 3 lis] 71* =r s J*lfe *W ^^-^1 ^J-^- 7fl^iflol)AJ o^g.^ ^aj.^ ^)] 

1 # cl^H ^-g-2) tfl# 312-1- o]^-SH 7fl2 % t\±3. ^ ^13 ^ cl23°ll nflev 7 1^- ^sJt T 1 ^ 



^2] 7 )s. % %W ?W*r AH^Ajo] ^ ^ ^E^-f 8fl ttfel- 

X28^1 ^114 ^AHfil OH- 3122] 3!2 Cflole^ SAlsV^q-. 2282] 312 t-llolEiofl JieHA^ ^]2^2) ai^ig 31^21 
71 § 4^(l-sfl 0 l2H3}- 4^)^: 14 H 

[S28J 

4^X 1 = 405^^^, 

2^ TIE] fl = 2.65mm, ^ 7fl^ NA1 = 0.85, 3tfHfl£ ml = 0 









Mil 




«u 


•/( 








«M(7t'J) 














-*i \t1 
-1I15T 


LNO 


LIMI 




1. S0355 
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i. :ca»f +01 


HUH)! 






3. 13836-34 


4 l?OJF-0J 


i. MME-0! 




2. 0167E-OS 


7. UHt-Gi 


-J 4»f=-0I 






I.0J55E-O4 


!. MH-03 






1 U51E OS 


-I. «7T E -03 






«. f?«E-cr 


7. 0U1E-OJ 






3. ZOltE-CT 


I MIIE-Os 


I 




i. 7«ee-CT 


-3. 17S IE- 07 






-J. J4IXE-CI 








-3 4«W;-(J 





«*. 

S29°)l ^]14 ^H)^ X 2 = 650nm g \ 3 = 780nm°ll cflt}" €S Hl°l&)-t £^1^^. 
[529] 

X 2 = 650nm<y A, 

2i3 7]Hl f2 = 2.72mm, 7fl^ NA2 = 0.65, m2 = 0 

4# X 3 = 780nm<a nfl, 

2:3 ^ f3 = 2.74mm, ^ J'IRt 1 NA3 = 0.50, i^«1t m3 = 0 . 





r w 


d(u) 


Hi 




Mil 


w< 








«Mil 
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-«. 3M 


tow 

11. OCD 




t. SOCIO 


1. S0I5S 


si. 5 








1 183 


i. Wit 


l. wsso 


i.UiU 
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-m- 




1.57ISS 
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-I IIME^l 


-r Ue4E-oi 


-2. 4H0E+01 


Ai 




4. HOSE- 05 


«, S4B£E-02 


Ai 




7. ns4&-w 




At 




1. BJS5t-W 


9.bii*e-o3 


M» 




1, II31E-0S 


-1. 4ITIE-01 


ku 




1. (7JOE-07 


r. 1U3E-OS 


Ail 




i zoiSE-or 




All 




1.TI306-0T; -3. l76-.E-gT 


All 




-7. H0<£-«» 




A» 


i -J. «BSE-0i 





- 109 - 



^7fls-*j a. 200 3 . 0030926 




5.292] ®* $°M<*} 7112^2] 7fl^2) 7)§ 4^(«-efl 0 )2SSf 4# -V 22] %s\ S|^^4 

4$ X 32] #2] 4# X 22]- 4^- \ 32] #2-2] S^fl 730 4*o V x 2-S 

Jfl^a] 7l§ s).^ 4^. x 22] #2] sl^^o) a|tfl7|- g HE s\ jl, X 3* aj^fl 31^2) 

7]# J^^-OlS. §H \ 32] #2] S^^o] ^£ =]t}. <^tE)»V of^fi] AjTfl 0_ S gig 



4. 

£E£, £ -M*H2] 33- ^Tflofl floW, ^2:2] # c^H#2j £(£292] ^]2^)2) u^lM S.30°1H 5L 

2] 71 E],» ^ Zl -S-Cflfi] #^£.-^2} 7]E]» ^Eflfloj, -S-Jl *)# lfl°iH2} ^cH^^ 367flolcf. 

[530] 





M(mm) 


$4 tt°]((nm) 


1 


O.CQO 


0.601 


2 


0.801 


0.718 


3 


0.718 


0.798 


4 


0.798 


0.861 


5 


0.881 


0.913 


6 


0.9! 3 


0.9S8 


7 


0953 


0.998 


8 


0.998 


1.035 


9 


1.035 


1.068 


10 


1.C88 


1.099 


11 


.1.099 


1.123 


12 


. 1.128 


U55 


.13 


1.155 


1.180 


H 


UB0 


1.204 


15 


1.204 


1.227 


18 


1.227 


1.249 


17 


1.249 


1270 


' 18 


1.270 


1290 


19 


1290 


1.310 


20 


1.310 


1.329 


21 


1.328 


1.348 


22 


1.346 


1,364 


23 


1.364 


1.381 


24 


1.381 


1.397 


25 


1.397 


1.413 


26 


1.413 


1.429 


27 


1.429 


1.444 


28 


1.444 


1.459 


29 


1.459 


1.473 


30 


1.473 


1.488 


31 


1,488 


1.50! 


37. 


1-501 


1.515 


33 


1.515 


1.528 


34 


1.528 


1.541 


35 


1.541 


1-554 


36 


1.554 


1.566 
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5302] 5]^ £c)l 44(X B) 730nm, 34 «K* H4 5)4 air°l ^e]^^5. 100%7l- 4^4 334sH 4 

4. <=>) 34 424 ^12 4 ^^H(DVD)2l 44 44°J 4* 650nm2] 4°l og^fe ;§ °-2}- 7fl3 4 c|^a(CD)2) 
44 44?1 780nm2l 4°1 ^43^ 3-?4| 14 344°1 3^2) 34444 4^4 4'344. 

44 730nm, 34 44 H4 34 42* 3 344^4, 

DVD(44 650nm): 95.1% 

CD(44 780nm):96.7% 

S., 442) 4 4# <g«o1H2l jL-iri: £4 4 44. 



£4, £ 34 T t S7> *§44 4(344) °1 4, 44 £4, ofls. - £ ^ a o) s ^o)] if^ns. ^jg-}. 

4 <34 444 347-171^ ^-g~§- *iu|7ll 4 44 444, 42J 444°11 344 4^Kr <g^4 4^)44 

°1 44 ^4 °Htt 344 4^)4^7 ^4 444. 1H1 = 2) oflf. §^ ±z}3) £4°H 444 44^ 

5 "314 4-^4^2) £cfljjL *g434 444 Jt44^r sg4<>lH n 444 £L4 4 44ir 44 7l]4*§4 44 
^o] oji,^ o)Sf tg^Kg. 5Jo]Cf. 



2)43^3., o. s «.e1fe 04 344, ± 14 344, ± 24 344, • • • , £.3- 444 442] 344<>1 ^ 7 |fe 

ell, "US- 1-4 444 44 4^(^4) 44°1 44^°I 4tr 4^r 34421 ^ o.oii^a.^*> j- 

44 44 4421 34 Jl4sL4 &7fl 444, ^-fofl 4444 4^4 4421 44H4 #4 ± 14 344)2] 34 
Jt4°l 44 ioo%7V o) ^e]s t§^h§- ^4 ^ s)4. -g. 4^14 •• gj^ ^ \ B , 34 44 n°l)4 

4*1344 44" 4, 44 \ B2] 4°1 °g44S* nflofl 4=r n2) S1^^2] S)^ H^-o) i-e]^ o.s 100%7f 4 

ss. ^?.(la1=)2l ^^4fe 5J# 7^?14. 4^ , &4^, 4^-4 *r SU4. " s]^ ^27> 

4# x B, s]^ 4^ n otl4 ^^44"^ 5ti4" 4, ^^ls. #4 4i4(^^)4°H ^^4 ^^s) s)^ ^.^^^oi^) 
°II4 1-«H°)^2) ^ Hj-^ei 44^1- Ad(u m), -M-afloi^on <yA>s]^- %s] 4^ 44(^ -& ^^4f- 

^11 %4°) ^<S4fe X 12) #21 4#)o|lAi2l l-Eflolss] N\ mi n o]4H 4^, Ad, NX mln4 4^4 4^ 

X B(nm), 4=r n44 4°)°11 4^-2] J&$p} ^S\^ 



X B(nm) = Ad X (NX mln - l)/(n X 10 3 ) 

471 4°1H n^r 4-S- -4°fl 2I8II 4#44. 

n = INT(Y) 

Y = Ad X (NX mln - 1)/(X mln X 10 3 ) 
4, INT(Y)*r Y» 4#^«D4 ^ol^l^ ^°14 

^71^1, ^^S] l-Eflola?)- 7112: ^4°)) 214 -2- 4* ^^lfe 5.984 4°1 l-efl°1^2l o]A o V 

^4 ^8^21 %^ wj-^si 444# Ads. 44 

SE4, ^^i^^i " cfll- 312:" 4, 4 3Ji 714 i^l(4 ^^3)2] jgii 7l444°ll ^^.2] 7I4 ^Ji 7l 
442) ^jil- ^11^471 44 44t1H i44^ 44 ^4# 4 ^il 4^ cii3)4 <fl44^ 4^H1 «D^14 

«j 44^^21 444 4 ?14 °W(4 ^1^3)2) 7l444°ll 3447171 214 44 ^41- 7fsl?l4. 
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" 51-421 ^SSil 4^3^ 4, 4 7l* "11*11(4 3^=1)4 cfl44fe Hfl^lSlfe 44 

±z}3.*q, 443 5(1.^-21 44 ±z\£. 4^=lfe 4^2} 44 £44 ^434 <>x^ £4)CLsL T^Jfl 

^^.S-^-E-lS] 4*-§- # ^Jl 7l* dH^)(^- CliH)2] ^ 7l*44°ll ^^-Al?l7| 51?}. 44 7^?Icf. 

5&4, 4 'S-MHofl-H - 44 ^4- 4 • ?!^" ^ 4el°14. 

£4, *S7f *^2] 44 ±X}(Sr£ ^\2,^)S. 4^j=lfe ^-f^lfe 4 ^M. 7l* ofl^(^- cj^ 3 ) 4 tfl44fe ^ 

*H «ll*]5)fe 44 £44. -§-^-5. H*l]44 *=M 44 ±x\e) ^4-§- 4 *3*Mojl4o] ^ofl ^ 

4 cfl-i ^a4 4#4. 



5&4, 4 ^H<>)H f-^ 7)* 4 711 7\ '43. 4#3f^42| 4 7]* DUXOoq ^ ^S-o)] 440] ^ 

444fe " *-f-^l tfll- snsi- °1444" *, zf-zl-fi) 4 ^a. 7l* ofl^oll ^jiS] ^4 «/C£^ 7 ]3.-g- 

4fe * 3sl 7i* ofl^ofl cfl-^fe ^l^Hi nfl*lsH ^jas^aj 4^-g- 4 7)* ufl^(^- ^3)3 

7l*44°l) 344471 ^ 44 ±7\7\ %<gi& 44 ±$o) 7}$?}*], °] 4^4 44 £4* " S) »fl 

1- sna- 4ji ^2144. 



3S1j2, -yslel f-'S 4*llf- 4tr * 4* nfljflo)) ^Jifi] R> /£Efe 7 |S^- ^*j§ffe ^^l* $. 

44 * ^Ji 71* nflSfl Afojfi] 4JgL#o|] 4^714 44 4i43.44 7}*0) 444^ *4 i^fe 444 **Sl cfl 

* €2*1 S.444 51.2.3. 44. 



£4, 4 ^40114 " ^ S. 7}%" $ " 4*3 7}%" * " sLSf-" °1*, ^- 7i s. opl|(^- q^a)2l ;gsL 71-s-^-i- 
JiJE«l-7) ^a. 7l^ifis] ^ ojAj-^^oil ^Aj^ f-^ev 7l-el?H, 

€ C«# €2:<fl ^Sfl ^ V 7l 1-311 ^ ^51 71* nfl^(^- ^^3)3] ^Ji 7l^^«fl 3813, 

-g- fl^oflAl - ^ 71* -$7}2) sgsj 3g3g.fi! T-ll* 7l-El7H, DVD fl^Sl ^" 7|-1=- npflo)|Ai ^ 

71*^-^^- 0.6mm, CD fl^e} ^ ^ii 7l* u^^6\]a] 7}® 1.2mm?l^, £ «S*M«1H H'fiS DVD(^i) 

1 % ^il 71* n])^ XJ! ^ qia)6Ufe. ^^A^o)lA^ E-£ 0.1 mm 2] £Li 71* f-^* * ^M. 7l 

* °fl*H <>l«qo|l ^ 71* ^7ll7V 3l|jiL, ^ Jg^| 5g*# ^) ^fe 5JJ£ 



Et> -& "a-MM-H 51*1^, ^ 7|* nj^(* Cl>i3)7l- f-9JfiJ ° t 14^*°l) ^21 ^M. 7l*^# 4i21 4 
# Cl^a?] ^-f , " SL£ 7|*" oflfe ^7] Ja^o) 7l*#^ 71-AJ- ^ "34130)1 71-4-S" ^ A 7]*#2l ^M. 71* 

^21 %4=- <yA^so)l t§Aj^ 5g 8 j Sg^- olijofl Aj. 7 l2l a^ol 7l*#*oH ^AJ^) ^*f=S. i^4. 



ffitK * 1^1^^ " 71* f-Vfl 4°1 Ji^ ^r*" °1* $2-7} 7)* ^^fe * ^Ji 71* ofl^l- A^ S 4s 

^ 71* f-^H- 51-^ ^ ^ji 71* nfl^ls 32*31-^^: "fl^H* l->a CD°I14 DVDS21 a*S>7l4 JlU£ DVD°I1 
Al CDS iE* -§) -j?ZH A^ 4-^ * ^ Ji 71* Dfl^lSl ajr 71* ^-^21 ^o]6| St| «fl 7^ 7l*^^)Ai jr). . 

^=r42l ^§ol tgaj-SH 0.07X rms(*, \ ^ 4^<>1 4)^-4 71 4 tH ^ ^Jil- 71* ^/SE^ 711^^ =r 

5iE* ZL % 71* ull^oll 71* ^/S£fe >fl^-g- ^Hl tfl* ^22) i^2l A Q Vi 7 fl^ifloll 

0.07X rms, S.4 4^^7llfe 0.05X rms °lsl7> Sl£* ^^^4 ^ ^ ^4 ^4* 7fSl?]4 



SE«, «■ ^^lAiol]Al •- 71* Sf-til J2.4 14^ ^4" ol^ f «3 2)2! s.7ja> -ff ^Sl * ^ a. 71* o^on^i ^ 71* oj 

^121 Tfls a.«H a.A 71*21 ^-^71- 5-^4^ ^ a ^oj) tn-4 4oi 7 > &714 711^44 7fl2i7i7i2i 4 

°W 12 71*2] ^-^011 7W471- S!lfe 7l°]4°i T t ^*r47> ^M. 7l*^^o)lAi2l i^2) 

471 0.07X rms(4, X 4 ; 0 -°14)a.4 44^^ 5i* ^A* 7|* ^/Sfe 7fl^St 5U£* 3 4 3 S. 71* ofl^l 
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°fl %1L3) 7l* ^/5Efe <r*J*Hr ^[A«L> SQ^ £^2l 7l)^qHH 0.07X rms, Jiq- 

sMlfe 0.05X rms o|s r 7 r =]£* ^"S^r iL^l" ^ 5U£r i* r # T^?]^. 



SEft, £ ^-MWH " Ji^ W o)S. «3S|3 *3# -Fr^fil * ^Ji 7l* n)W) ^^s] 7)* rj /£E ^ ^ 

* ^*j*Hr ^o)) cflo^ a|| a -g-S fcSN- ^Sf ^S) £3 ffi'fe #^2l £3- §-°U 

sl*H #* r 3fe #4 4^ *HM§°1 M-S- ^-f <fl q^f?.}^ ^ 5Ufe 

ASt ± inmfil 4# €SH <fl$ *7l £.7 r 7 r #^4 on- ^2 a\o}2] %g.$dH nfl*isq*l ^ 

tflf- ^12:2] 3J}E A> ^-7) ^.flj. 4,^7). cfl-g. ^}2: A>0| #£^cfl 5g-?-°l tfl^ ^*Sj 



IAI > IBI 

£ ^^HH * $2. ?1* o|^I(* 1^^.3)2] ^Jt 71^^0,1 » OJ^^V ^-g- ^^^4" 4*§" X £ $ 

^o.oi| 4^^^7} 0.07X o)3>, J5J.CJ- Hrf^SMIfe 0.05X °1S}21 tffiflJiL ^ 5Ufr 3}-§- 7j-5]7J4. 

SE?>, £ "S^MolHS] " t W fe iW ^2]^cf. # :$iL 7)* nfl^ = 1 £^ 2 SE^r 3)°fi 3iL2| 7] 

* Sl/SE^r 7||^-g- ^sj^- nflo) aj.^ x j ^ ai-.^ 7 fl^» NAl^JI <&4. # 3iL 7l* afl ^ (J = 2 £ 

fe- 3)°1] ^8 Jisj 7l* ^/jj-g. ^J<g- 27J-7) oli^ 5}i4(lcf Ur^^SWlfe °^)7} °V#^ 

nfl°)l NAjA4 2|## ^]j * 71* D»Sfl2j Jgji 7|^o11 5L^^ " -§3lH" £ *Vcf. 

7fll 27i€- NA12 r X IS 1^=1^ 2^71 .£^» #4«rfe- sK 1 " X jSl 3Hrf- NAjicf f-afsfe ^e] ^14 

7l^.^oHA^s] ^tfl^)7> lOu milt} 5E*V NAj^l^sl ^'S!^^!- 5u mic} ^ ^g^-o|cf. 

^2 NA14 X IS 5^7fl SL^« -f 4s r fe 4^ X i^l %^e) 7\WW*\SH *\^*\7\ 0.07 

X iSLt} 3J1, Etb NAj ^ 7^^^s\ ^^\7\ 0.07X jS.^ ^ ^-f olcf. 



££t>, ^ 'WWM ^^-2) 71* ^Ajjol^ ; AV 7 |<4 ^ ^j. 7] s cll^oj 7l*^^<Hl 7l*5>fe 

71*^^1 71*^ ^Jig ^sKr 5J^r * ^ Vt 32l ^-^fe- 7l*°V ^^"V-g- ^flSM S> 

^ °|-§-Slfe 5J°HE =12. 71* ^ ^sjS>7l fl«H ^ol'HS €4. °J2121 fl- ^JL 71 

* °B^1<^1 7l*g- ^r*J*U, ^ ^- 71* Dfl^oii ^*J§V7i $1§H ol*sife 5Jol<H£ =1^. 0 J2lfil * ^ 

^ 71* Dfl^oll 71* £^ Tfl^l T*J§U, 4^ ^ ^Ji 7)* Dfl^ofl 71* Tj^-g- ^*JS>71 o)^-Sl fe 5J o] 

<H£ Sth, o^7lAi ^sfe T.J|>i!) o m, tflr^l «-*sm i^§>^ 



SE*. ■& 1^H°11^ ^1 ils 7m ifl^l ^13 7]# ^ 3.^7} ^-<yev ^ ^1 ^ 71* nflsn 

Ml^l 7113 * ^ Ji 71* n1|S|| J2.^7> Ml 7ltt 7>^JI Si^ ^-foflfe- -g- » e v ^2l 4^|7 r ^<>1 ^ Ifi^S] 

S^2l 

1^21 % ^)o| n1-e^ > ^.21 (71* nl£)o] cf# ^s. s.^ 37^^ DVD, DVD, CD21- £-8: 3*^-21 ^- 
321 #.£. IS* ^*21 cfll- ^121- ol^.§}<^ =r Xlfe- * ^3 ^^l* =r SE?b, CD21- ^ Ml 

7i*^7i-^* #c|^=hi tn«M ^7iei7v#-g-*i ^-iL^ ^ sa4. 



- 113 - 



-5^*1 -^2003 - 0030926 



«E)ol oHf. j2^ E DVD, DVD, CD2f * 3^121 S)^ ^ 



^3(71^ nfs o)]f. f-Tg jugs, dvd, DVD, CD^ t£- 3^^-21 # cliH2l #± Jr^§- -^f-e] o) 

1 S'SS DVD21- 3.7]^ 1]£2] # ^/£if- jfl^Mfe ^-fo)) §.^| 7 }. 

t£*A^2\ #^H1 7]o\t\^ q^*}, £SM- $5. £s> f-2) igsHl ^ «*<*M «M!£l 

^<3^h SLS 7)Q A*H 7)o]S^ ^$^r*l-t ^^Ml A^t <r StlH DVD21- 

11714=- # c]^32] 7)^ jtfl^ ^sjt t S^cr * *U a t <r 5tt4. 



* «iS °l-8-t t 5dfe 7]& ^ *M S.^ 7 1* ^ £L*} 

<r&. 7fl^ *RV^«- =r^i, i*} 95 £7.}f- X|*t =r 

(57) $?a) £4] 
1. 



1)21 #€^3.-^2] #^-§- oj£s}o4 i^Jr 7l# f-9)|(tl)» *U 7) Dfl^oll cfl^^iL 

21 Tfl-lg Sl/SEfe 713-1- sj &U, 2)(X 1 < X 2)21 ^!2 *«6.S^Ejs] ol-g-sH ^2 jii 7l# f 

t2 > tl)» ^2 71^- nfl^oil 01*} 3 jjj.fi) 41^ ^/fEfe 7l^-# ^i\Jl, s)-^(X 3) (X 2 < X 3)21 *j]3 * 

^o^E^ o|-g-§H ^13 11 7l# ^(t3 > t2)» ^fe ^13 7}^ nfl^oll cfltV ^JiS] 7fl^ 

71 ^-1- ^-^l-g- cfl# ifflsolcl, 



-8-71 cfl# ^lafe- ^7} ifflSSl %4j- <QAM^°\] *f[7i]£\o] ^o]xe 17fl2l ^-eq 

^^o] S.^ ej o. S oj^ol^i:- 3)^ £fe S)^ ^ ^JeI fcoH, 

^•7) 2)^ ^-2°11 ^71 ^0.5.^2) 4^-(X 1)31 *)|1 ^A}^ ^o.o)l g^fe ^1| 1 ^fi] S)^^" 

f , alnflsl 2)^^* ^fe S)*t#2) 2)^ nl, 

A o V 7l 2)^ ^<^1 ^-71 ^)12 ^^.S-^-E^ 4^. (X 2)21 ^12 *#o] ^A>tb 3-f°)l A o V 7l ^12 

f , ^^21 Sl^^l 21^^21 Sl^ 7.}^ n 2, 

aj*i ^-2°)1 ^-71 ^J3 *flis-¥-Eisi 4^-(x 3)21 >03 ^-#°1 °d^>t!- ^-f^ ^} 43 

f , me) 3^21 2)^ n 3, 

^71 2H)-(X 1)21 ^oll o^Sfl ^71 »|l 71^. D fl^o)l ^ /£E ^ 7|S^. 8< g S ).- ^ #7} cfl# 

^]S2l i^el 71)^^1- NA1, 

^71 ^^(X 2)21 ^ofl 2l«fl ^7] ^)2 #3£L 71^- nflSfloll >B >«g ^/SEfe 7)^ SjSl-fe C-)) ^A*V ^"7l H# 

«aal ^^§21 av^ 7H^^« NA2, 

^71 4^(X 3)21 o|gH ^J. 7l ^3 7]a o))^^ ^flAjj 7]^ o| ^ A ^v ^>7l 011- 

iffla2l i^el ^ 7B^1- NA3J1S ^ nil. 



- 114 - 



^7fls-*l ^-2003-0030926 



I nl | > | n2 | 
I nl I > I n3 I 



#7) ^-S- #7l >J l %4f3) nl^V S|3tf# #7l XI 1 #3iL X -a DflsiH) ^J±sl 7ll>8 y}^ 

* s j3f7) 2)3]], #7| 7||^(NA1) MHH ^-g- WHS.* $7} X)l 7|S- n|*||S] 7 ]S^ AVoj] 

=r SiH, #7l X]2 #^2) n2*l- #7| Xl2 7]^ ofl^oi| tq$ 7^21 ^4 Rj/t£ fe 33. 

7] fl<fl, #7] 7fl^(NA2) M1°IH «3=i«- 43* -iM X)2 #^J£L 71^- oH^o) 3 ,£ 7 |S^ AVofl 

^ #7] X]3 #^2] n 3^|- 3J^#-§- #7| X|3 7l^ ofl^bli cHeV 7^2) ^ 7}*% t%t%7\ fl*B, 

#7| 7fl^(NA3) HHH °<M£* Sj-fc-fc S'fcSfE* #7l X13 *^Ji 7] ^ nfl^lSl 71-5=-^ #°l] ^ flfe. 

?}■§■ s-^j o. s sj-ij 4'^<g t\\%- 3)*. 



4#(X 1)2] 7)H ^JlijLJfE^ Xll £L£ 7|# ^(tl)l- £fe Xll ^Ji 7m ufl^ofl cfleV ^Ji 

si Tfl^ 7l^# sj5>il, sHj-(\ 2)(\ 1 < X 2)21 7)12 ^jas^a] ol-g-SH XI 2 H 7)# f-^l( 

t2 2: tl)» £xr X12 #3iL 7]* ofl*H cfloV 7^21 7^ 7 ]s.^ sjsf.-^ sj.^ 3) (X 2 < X 3)2) Xl3 # 

^^S.^-E-121 ol-g-sH >||3 ^ 71^- ^^l( t 3 > t2)f- £fe X13 7is. oflXN cfl^- ^JiSj ^ ^/££ 

fc- 7^# «*H=- #S)<3 #*l-fr cfl# ^oM, 



# 7 ] tfl§ ^12^ ^2:2+ #7l ^aal <y7^^o)| Hfl^^ 3)^ ^ ^ S SL^<§ 

#7l s)-^(x 1)21 ^^ofl sliSfl ^-7) >m 71 Dfl^otl 4^ 7l^# ajsfe c-il ^>7l a^-^ rfl-& 

5ffl.2:2l i^S) ^ 7fl^l- NA1, 

#71 4#(X 2)2) 2l*|l #71 X12 7]* °HXH1 71^ SjSffe dl ^A*V ^>7l c|)« 

<aS2l ^^2] Aj-i 7fl^l- NA2, 

#71 4#(X 3)21 ^^ofl 21SB #71 X13 #^a. 71^ afl^flofl ^ 7 1^# sjsfe ufl ^7) nfl# 

€^21 ^^21 7fl^l- NA3olel- t «H, 

#71 2]^ ^ i7}2l 171121 #71 X] 1 Xl3 7^ D 11^2l J2.if.ofl tflgfl Tfl^ ^/£E^ 7^ 

* Wl 2)811 °l-§-S)fe #71 7fl^(NA3) iflofl cfl-S-^fe ^-f #71 «8^Jit|-E ^^#^H 21^5^ Q 

«H£ #71 Till 7 ]S. D ))^ofl cfl«l) XH^S 71^ Sj S >7l ^2) ^<X£ 27fl2l 9|24^ 

s °lf-o1*U, 

#7) ^2^0)1^ ^ € |oj H-^21 %o_3_ o]^o]^ fij^ ^ 2 7h ^^Sl J2, 

#71 "o 1 !- ^°^°)1 ^2^11 #^S-f-&)2l 4#(\ 1)21 Tfll #^o) OjAj-t!- iHDsRr #71 Tfll 

2] S\m f , alrH2l 5)^#^# ^ £l*i#2l 5]^ nl, 
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^12 S\%% a)til°l 5Hr fs\*A *V^-t „2. 

#7] "S^W 33 ^2°)] -8-71 *«AS.-"?-B|fll 3)21 *fl3 %^°] tHjSKr 

I nl | > | n2 I 

I nl | > | n3 I 

#7) cfli" -8-71 ^-g- «g9Jo|M tHi^fe #7] ^ nl *)- 5)^^ AV 7 | 7 ]S. Dfl ^ol| 

iflfc ^^.21 7]^% *m7] 9lse ^ V 7l 71^- oflfllS) ^ Aj-o)] ^^Jl, ^7] ^f- <§ 

«o)lA^ fHSSHr -^"71 A2 ^2] n2 ^ Sl3#-§" #7] ^12 71^ °W1 «H£ ^Ji2| 7l^ *JSf 

71 2|S(| ^-71 ^12 ^JiL 71-a Dfl^flo] ^ 7 ]S.^ Aj-ofl ^Sfjl, ^"71 ^-f <g<*<>lH lH)S)-fe aV 7 | ^3 ^fij n3 ^J. 
£|3#-§- #71 *13 7}^ nfl^o)] uH*V ^lifil 7|S^. SJ^ 7 ) ^ sfl #7] ^3 7 )S. oflsflo) 3 

M 71^ ^sHr 3* ^ °~§L ^f-^ =H# 3!^. 

£tt *112%°11 Xlol^l, #71 S)^ SHHnl ^*1 n3)fe ^ a)^. oVa^i- 3.2. o.^ g).i=. tflfc 31 

I n2 I = INT(X 1 • I nl | /X 2) 
I n3 I = INT(X 1 • I nl I /X 3) 
I nl I > I n2 I > I n3 I 

^, nl* 0, ± 1 °12121 Jg^ojn, INT(X 1 • I nl I /\ 2)fe X 1 • | nl | /X 2» ^^*H <§7ll IN 
T(X 1 • I nl I /X 3)fe X 1 • I nl | /X 3* ^-IrUSH ^711 E]fe ^^^1^. 

t113%H1 SIW, 4-§- •L>^)7)^ ^cls. t}^ 1*r%q cfl# ^1^. 
I INT(X 1 • I nl I /X 2) - (X 1 • | nl I /X 2) | < 0.4 
INT(\ 1 • I nl I /X 3) - (X 1 • I nl I /X 3) I < 0.4 
^^5. 
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*fll# £fe ^24M floH, #?1 ^26|| <a45>fe ^71 S}-#(X 1)2] OJA} #^2) I IN (X 1), #7| I w (X 

1)2] #%=# $7} S^(X 1)2] <M ##o| # 7 J 3$ f-4t> #A} ^2] J 0UT (X 1), ^-71 

S)^ f 2 o|) ojA^fe # 7 J 2)2] <QA\ #^2] I IN (X 2), #7) I IN (X 2)2] £^ #7) 2) 

2} ^O] S)^ -f 4$ ^2] #A). ^21 I QUT (X 2), #?1 ^2°11 "y^Sfe #7] ^# 

(X 3)2] <g^ #^s] #%=-§- (X 3), #7l l IN (X 3)21 %^ £fe #?1 sf#(X 3)21 $4 ^o] # 7 ] 

# ^21 #A> ^21 i QUT (X 3)»m nfl, t}-g- ^1# °HH?)ir 2* ^±3. W§ r)1# 

lour (X D/Iin (X 1) > 0.7 
lour (X 2)/I IN (X 2) > 0.7 
Iout (X 3)/I IN (X 3) > 0.7 

*lll# £fe *]2*M SH-M, #7l 3^ 4#(A B), #7l $g ^(nl)S..^|2}^Eloj ^ 4-§- *)-§- 

oV^Al?!^ s-^j o. s gfe tfl# 

380 nm < X 1 < 420 nm 
630 nm < X 2 < 670 nm 
760 nm < X 3 < 800 nm 
340 nm < X B < 440 nm 

I nl | =2 

I n2 I = 1 

I n3 | =1 

^16%H1 jfloW, «*g- ^# -?HH?lfe tflfc xfflS. 

350 nm < X B < 420 nm 

^ S J"8. 

^16%H] &<>H, #7l tfl-§- ^la^ #71 4#(X l)a.cf 5 nm 7J ^lo] oj^-g. nflofl, 4^.7}. ^ 

4 0 J ^£ ^^21 4# 2l§^^ £ fe 3^ s.^^ sj.-. a.^ tfll- fla. 

*fi8%M] 2i<H-H. #?) cfl# ^afe #71 4#(X l)iLt} 5 nm 7j ^#2} «H <y4$S-g- nflo||, £?^7l- # 

"S-^^S. igSHfrfe. ^# ^^*l-2l B)-# 2)^ £ £j7 ( ^. 7 ] ^^q. 5 m £ oja].^ nflo^ 

i7l^2l A CA, #71 sl-#(X 1)^.4 5 nm 7J 4#2l ^Jo] ^A>sJl-t- °fl2l #7l 7fl^(NAl)^ll 
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- 1 < A CA/A SA < 0 
10. 

*6*<H) 3X°m. 4#(A B), #71 5]^ ^(nl)S. 4)3^ #71 3)^ ^SSl #71 ^ ^S] 21- $|*lf. ( 
<J) b = I nl | • (t>2 • h 2 + b 4 • ti* + he • h 6 + ) 

o)] o ]8 fl ^slsi^ #j=*v Q^s. M-El-ifl^ 3 -foil M7H, htr ^o.S.^al ^-oKnn), b 2 , b 4 . b 6 , £ *W 2*h 

4*h 6*1- 21 #S*1" %v=r 7)1^(5)^^ 7t|-t-e^£ t)°J], 

PD = S(-2 • I nl | -b 2 ) 

oil ^ISfl ^SlSlfe 5)^ 4^1( m n- 1 )7l- 4-g- <i)-g. DV^Al7l^ ^.f, S-^S §^ j*.^ c^o. ^ 

0.5 x 10 " 2 < PD < 5.0 X 10 _2 
37* 11. 

all* ffife A2*M &<>H, #71 4#(\ B), #71 *Hr(nl)iS- al^Sl-Sl^ Sl^ f-AH. cf-g- 

D v>^l-7l^ ?!-§- ^-^^S 3>fe cfll" 3!^. 

380 nra < X. 1 < 420 nm 

630 nm < k 2 < 670 nm 

760 nm < K 3 < 800 nm 

400 nm < k B < 430 nm 

I nl | =6 

I n2 | =4 

I n3 | =3 
12. 

*)ln*°)l 5doH, 4-g- n J^i?i^ -^#^s cq« ^a. 

405 nm < X B < 425 nm 
37*8-13. 

*Hll*°ll #71 cfll- 3]2:ir #71 4#(\ D^ul- 5 nm 4#2l *M oj/].^^. n^j ^ ^y 7 y & q 

WQSLS, e^Sfe ^ 4^ o^^^ ^ o. s g fe iL^tg o,^ ^ 

14. 
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4l3*M 5U<>H, #?1 i^fe #7] *#(X l)iLt} 5 nm 7j 4#3} *o| <yAl-^# nflofl ^ £7^7)- Q 

<H*lfc "J-^-sL ^Sl-5ffe i?# ^Sfs] 4# 2l£#* #?1 4#(X i)Jiq. 5 nm ^1 4#2l S^W-fr nfla) 
i?1^2l ^SHf-fr A CA, #71 4#(X 1)SL4 5 nm 7j 4#°1 ojA^-g- nfls} #7l 7fl^(NAlH cfl-g-sV 
m £4^* A SA4 SS-fr m, 4-S- "L^M^lfe 5!* ^°-S- m# as. 

- 1 < A CA/A SA < 0 
15. 

^lll^Hl SW^I. 4#(X B), #71 *H=(nl)S #7l 3]«! ^-2:21 A> 7l ^o] ^s] ^ 0]^)^. 

<D b = I nl I • (b 2 • h 2 + b„ • h 4 + be • h 6 + ) 

o)| °|*fl ^fi^fe H-EHlfe [°J7W, hfe ^^S^fi] fc<>l(«), b 2 , b 4 , b 6( €" 44 2 4, 

44, 64 2] %g.*y 7)1^(S1^°1 ^l^B>j2E t)°J], 

PD = S(-2 • I nl ! -b 2 ) 

-5.0 x 10" 2 < PD < 2.0 x 10 " 2 
^T 1 * 16. 

*111* SEfe ^l2«oll #7| 44(X B), #71 5)^ 4*r(nl).sL aJ32}-=l<H 5Ufe S-aH. 4# i]^ 

380 ran < X 1 < 420 nm 
630 nm < X 2 < 670 nm 
760 nm < X 3 < 800 nm 
390 nm < X B < 420 nm 

I nl I = 8 

I n2 | =5 

I n3 | =4 
17. 

*Hl6#ofl flo^ <&]■§■ g^AWfe O.S 4*7 44^ tfl# SH^. 

395 nm < X B < 415 nm 
W4 18. 

*ni4 jtfe ^)i2#o)i ojoh, #7i ^ss] snqt. pi (ra -i )f ^7i 44 i^fii e4 4*11- P2(Dmi - 
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I P1/P2 | < 0.2 

ft *HM*lfc ^±2. *Hr ifl* 
19. 

^12%H1 Si<H^, A o V 7l S)^ ^ i^ft f^SH #71 ^^o)l OJ4^^ ^fij eVTil #^°) ^rl 

^d<a 3# si-fe tn* as. 

3^20. 
^^21. 

SEfe *2lMI fl^K A o v 7) £|3 BlTO avoii ^€ SJ* -S^iLS erffe till- ^S. 

J££r *U2*J-°11 5U<>H, 27112) #°fl 5)^ 7-2,7} *g^3 £,^o £ Sfe fi-^fg cfl o. ^ 

23. 

>9l^ £tt ^12%H1 &<>W, ^7l ^ ±7}^ -fe}^ ^gji. *g^l sj-fr ^ Sfe ^-f-tg cfl§ ^a. 
24. 

SEfe ^12*^1 5U°W, ^71 flat §e^<N XI as. ^±s. sfe tfl# 

3^25. 

*lll%>- £tt ^12^1 SW*1. ^71 ^sfe *H£.s ^J3-S sfe tflf- ^a. 

26. 

^125^1 &oH, -iM -fre) TflSfe 3<WTg)°l 400 TC ^-fr ^-^^.S SRr 

3^27. 

sfe >02*«a 5U<>w. #^-§- tM*Kt 2sitB7v -*7i 4$ ^ #7] ^is^i ^i^svfe #«na 

4, -»7l ^£*g «2:SJ >S"7l S)^ ^ i7s>^oll fl^tfe A>0lofl Bfl^ S-^j AS. tflft 

37*28. 

£fe ^12*^1 sa«H>H. -*7l i^sl Hfl# m, ^71 i), ^-71 *m sjl 7}#^(tl), 

$7] ^ 7fl^(NAl)Sl tflsfl a 4^ ^Si\ rms^|7V 0.07 X 1 rms °]*}7} ^t.} JL%$«\ SX^ 5J 

^^*J"29. 
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*l|l# *l2#°ll 5U°W. A <M ^ i^fe- -8-71 ^22} «J*)|7l- sjo! ^ m ^ ^%sul- 

30. 

*fl29#°11 $H>H, Aj. 7l g)^ ^ i^fif #7l ^l^fe #4^4 ^ls #7) ^ 

til* €a. 

^•T 2 -^ 31. 

7fli# 42*M #71 ifflafe i7flsi ^£ 3^ s.^ o.^ sl-fe on- 
32. 

*l3l1WI SW, A oM ^.2f #71 £|$ #^ #7| *D# tZ. #n Al^^S] #71 ^#(\ 

lH Sl^e) 2=3 7)^1- fi(Bm), #7| ^!^al f"fe) ^1* d(mm), #7] t)lf- #a°U #7l 

4#(X 1)^1 #^el *l;§-g- $ !(„„„), # 7 1 ^,13 7 ,s dJ^o)] ^/g 7 ]s.g. sjgj.^ ^4.3] a> 

71 ^-tJ-S ^3* fB3(mm)AS g-fr nil, t}-§- ^M^lfe- 5i-§- ^iLiS. *fe nfl# 

0.7 < d/fl < 1.5 

2.8 < $ 1 < 5.8 

fB3 > 0.2 

^-#33. 

*fll# ££r ^l2#°fl 5U»H, #71 *fl 3 #^8A 71-!=. nfl^ofl cJltb ^SL^l ^ 7,^ 8 J S>fe 3 cue] aV 7 ) H.^ 

^ tfl# ^lael 7J# Hfl^ m3 5L Tj^oll, cf-g- i].g. °V^Al7l^ Tj^- fl-^ljO^ ^ iL^tg cfl # 

m3 < 0 
^^34. 

*ll33#°ll 9X°]*], ^ ^-M^lfe ^<L*L Sfe tfll- 
0.25 < m3 < -0.05 
^T 2 -^ 35. 



7fl33%Hl 91^], #71 cflf- ^aoll Sl«B #71 ^)13 #^li 71^ Dfl^Sl 71^ #ofl ^#^1 #^ #0fl Hfl 

*1€ ^13 #«AS^°1 #^21 4^ =r^M- #71 #^ 7fl^^(NA3) ^^^!# nflel ao> #£o] 

rms^l^, #71 cfl* ^1S°11 21*11 #71 7113 #^§a. 7is- oflsflo, 7 js^ #d|l ^#^J #^o.S-=fEi a ^al 

#H=AS 0.2 mm 21^H1 HflSl^l #7] ^3 #^0.5.^21 #^2l 4^ ^*H- #7l ## 7fl^(NA3) ^fl°H^ 

^55* nflsl 2^ Ajg-o] rms ^al-e| *\y\ 0.07 ^ 3 rms^t} #^ ^-^J^S s)-^ cfl# ^ls. 



^^*J-36. 
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^33*^1 5tW*l. #7l 42 7}^ ofl^ofl cfle> 3 £3 7 |a^. 3 o_o} a.v 7 | sL^tg cfl-g. g 

S3} 1# ufl-fr-g- m2S £ ^-fofl, i^g- a]^- oV^Al?)^ 3}* a^jo s ^ cfl# ^ 

m2 < 0 

3 ^37. 

*fl36#°)] 5U°H. -Wl^lfe 5]^ a^j oa SJ. fe cfl# ^a. 

-0.20 < m2 < -0.02 
38. 



436*M 3X°]*\, $7] cfl# ^^l #7l afl 2 #3iL ?m of x||s; ^M. 7]*<a tfefl ^ all 

*1€ #71 >02 *«J2JS.+E|*| ##2l 4^ $7] AVi 7 fl^(NA2) iflcfl-M nfls] 2 n)- ^SJ. ^£0] 

rms*lSly<«-7l ^aofl 2)8)1 #7l 42 7] J* uflaflo) ^ 7 ]s.^ ^dfl ^-^O^JfEl ZL ^ 

^tySLSL 0.2 mm 3]*H «P)€ #7] 42 AS^-Ej 2) #^2] 4^ #7] ^ 7 fl^(NA2) M|<H]^i 

"fl 2 ! 3°)- ^£0] rms *lfi].oj s] . 7 |. o 07 x 2 rmsJL 4 ^ s.^ o. s -3^ ^ °. 



3^39. 

4l# £fe 42#°11 5U«H-H. #71 ## 7fl^(NAl 91 NA2)fe, 
NA1 > NA2 



# **W, #7l cJll- ^1S21 $7] ^± ?fl^(NA2) tW -f^dV a o v 7) sj.^. (x 2) 

2) #^p8r #7l #* 7])^(NA2) MHH #7l ^2 #^J£ 71-S- n)|*fld| ^M. 71^^ Aj-ofl flo^, 3}£ rms *] 
7V 0.07 X 2 rms-SH} 4-8- #3M jI, #7l cfl# ^3] #7l 7fl^(NA2 tflXJ NA1)°U tfl-g-sKr 

<§<*^- f-^eV #71 4#(X 2)21 #71 ^2 #^il 71^ ofl^fil 71^ #*}*1 E^Sfe ^AW p #7l 4# 

(X 2)31 #71 7fl^ (NA1) #71 42 #^iL 71^ D H3l 7l^^ ^ofl ^OjA^ s).^ ^s>2l 

rms^l7l- 0.07 X 2 rmsSLi} # #Eflo} jj^- s.^ o. s 4^ ^ls. 



^139#^I1 ^ol^, Aj. 7 ] aj.^ (x 2 ) si #7l #^ 7fl^(NA2) vfloflA) Aj. 7 ) ^ 2 7 ]s. nfl^sl 7l^^ 

#^l 9X°\*\, 4^ "r^l-Sl rms*l7)-0.05 X 2 rmsa.^ #Efl c 'lII, #7l ^ 7fl^-^(NAl) vfl°M #7l afl2 
#^£L 7l^ ufl^lal ^Ji 7l^^ ^-oll Si<^Ai ^aI-SI rms^l7l- 0.20 X 2 rms.S.4 #Bfl?l ^±S. 5^ 

^1 1 ^-41. 

^139#°I1 sa«H-M. #71 ifl# ifflasl AJ. 7] aj-^ 7fl^(NA2) ^flofl tfl^fe ^4eV ^7l 4#(X 2) # 

#21 ^-7] 42 7^ fi^SH $3. 7l-S<3 #^17-131 ^xW, $7} Sj-tfS 't||« Si! 2: 2] aJ. 7 ] ^ 7 11^(NA 

2 Ml^l NAl)°)l ifl-S-^fe- <3<3-§t #71 4#(X 2) ##3) #7] 42 #3iL 71^ D B^3l 71^ #<H1^3l 

T 1 ^ ^Hr #71 #^ 7B^^(NA2)°11 Si<H^ !-°^q] f^AS Sf^ tfl# ^3. 
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439*M 5U<>H, #7l 5)^ ?"S7l- «g#fl #7l 2)^ ^ ^1-2) #«^ofl o^a-^ # 7 ) #& 7fl^(NA2) tfl 
•§-*fe ^"^H 2)^ 72^1 #7l ^12 #C°3.-?-El2l 4#(\ 2)2] *112 ##°1 ^-f°ll iMIsRr -JM Tfl 

2 #^2} 5)^^- ajcfl2] S]^^ $>fe S]^#2l $g ^^<4, #71 ## 7fl^(NA2 NAlH cfl-§-«fe <8 
«W 2)^ T^l #71 742 #4H.£3. JM1 3 Bj-#(\ 2)2] 7H12 #^Oj <QXtf± % -fofl #7l 7fl2 #^2} 

Sl^# f\ ^cflsi sl*]##-j- £fe §1^#2) 5)^ 7^ qvg. aH^H, 



#7] ## 7fl^-t(NA2) ttf-g-S^ o^ofl tgA^ 5]^ ^ £S+i # 7 J 7 fl^(NA2 ^) NA1)°1) »$ 

^°ll s]^ cf# 3)-#^ t^g. sj^s. *|a}93<H 51^ s^i sfe 43.^ ^o. €2l 

43. 

^139%H1 ?JoH, #71 S]^ ^71- #71 5)1 #^ 4l7,f2l #S}-<3o]] 0)0^, # 7 J 7 fl^(NA2 NT 

1)°11 ^WHr ^^°11 Sl^ 4#(X l),4i^2l S]^ SV^rS. 332}-£H 3-§- IS ^ 
^^44. 

7fll# £fe 7fl2#oll SH-M, Aj. 7] iug-^ cfl# 
. NA1 > NA2 

« >L^l7lfe -§-^H, #71 tflf- €22j #7] a q v^ 7fl^(NA2 »-H*l NAlH dl^fe ^^l °d4SHf. Aj.7) 

4#(X 2)2) #^-§- aVSSH, #71 Cfl!- €22} #71 ## 7fl^(NA2 vfl^l NAl)°fl tfl-S-Slfe °<^<>ll <y#Sl- 

#7) Bl-#(X 2)21 #^ol #7) 71^ afl^Sl 3 S. 71^.^ #7>a1 S^S^l ^ ^Jo| 7^ 7fl? 

^ltt 4^ 5fe 3# cfl§ €2. 

^^#45. 

^144#°11 &<>H, #71 71)^ JtJtb #7] s-tl-^ tfl# €2.21 #7i 7fl^(NA2 vfl^l NA1)°11 tH-g-§>^ <g 

^°il 0 d^mfe 4#(X 1)21 #^r-§- f-^fe- #71 tfl# ^21 #71 ## 7fl^(NA2 Hl*l NA1)«^1 

fll-§-5fe 'S^^l "a^Sfe 4#(\ 2)2} SV^>^ 3l# ^^Aj^. 7^ ^SLS. t\±r cfl§ 

^^^46. 

7)144#°11 aIoI^, #71 7fl^ Tfl^ #71 Cfl# ^12:2] #6)1 ^Aj^) ^# Aj«j ^ E -)0) S.^ O. 

3. 31-^ r})# ^]2. 

^^*J-47. 

7fl39#°ll aI^I^, #71 %m cH* ^221 #^ 7 B^^(NA1. NA2, NA3)fe, 
NA1 > NA2 > NA3 



# ^7>l?lfe **H, #71 ^-U-^ CH# €221 #71 #<% 7fl^^(NA3) ^°11 tJl-g-Sl-^ ^^-i- -f 214> #71 4#(X 3) 
21 #^ #71 #* 7fl^^(NA3) ^1°11^ #71 7113 71^ D) |^ol ^ 7]^^ #0)] o^t^A^ 4^ ^3] rms x] 
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7\ 0.07 X 3 4£ #9HH, $7} cflS- ^afij $7} ^ 7fl^(NA3 NA1)4I cfl-S-^fe 

^# *4« #7l sj-#(x 3)2) #^r£- ^71 »|3 #3iL 7]s. Dfl^]a) 7is^ E^fe. fAjol, ^-71 s)-# 

(X 3)2] 7fl^(NAl) iJMH Aj- 7) ^3 7 JS n^o] ^ 7 |s^ AVo)! 5U<>W W -f^M 

rms*M 0.07 X 3 rmsJS-Cf ^ #3|<?1 ^# ^^1S sj-fe- 31 ^. 



^47$<H1 #7] 2)-^-(X 3)2] Aj- 7 ] #4* 7fl^(NA3) vflofl/^ Aj- 7 | 7|3 #^-5L 7l* nJ^S] ^Ji 71^-a 

Sfl°W 4<fl T^t! rms*l 71-0.05 X 3 rmsJi«* Aj-Efloj ji, f £ *V av 7 ] a q v& 7H i5 r (NA1) #7] 43 

7)s. Dfl^o] q & 7,^ Ave]] SU°H *r*l"2] rms^]7f 0.20 X 3 rmsiicf ^ -jj-Eflo] h-a1 ojg. Sfe 

^T 2 -^- 49. 

*ll47%H] fl<>H, A o v 7] mg. ^j sa | a.). 7] ^ 7fl^(NA3) MH ifi-frtfte <g<2!|-§- #7] ^(X 3) # 

^2] A3 7]2t D W -S-efl^Sl T 1 ^ ^r^^, #7| ifl* ^2) -*7l 7llT^(NA 

3 NAl)<fl l-g-Sfb <83-§- A o v 7l 3) #^2j ^71 ^13 f 7)45- Dfl afla] 7 l*«a <fHMs| 

*MHr #7l 7H^^(NA3)°ll 5U<>H 1-<?^ 0 J S-a-^S-S-s. -al b 3-^<§ ifll- «a. 

^T 1 ^ 50. 



SU^^I. A J"7l Sj^ ?-£7l- <g^J3 2)^ ^7}2j W£c|| flo^, aV 7 ] aV& 7 J)^( NA 3) vjjofl cfl 

<3<2H f ^ 2 ofl aj-7] »]3 ^o.s^.e1S1 4^(X 3)-<?-i -i3 *^<>1 'a^fev ^^.dfl «/gS)^ ^7| ^1 

3 ^HrS] fl^* a|cH2] 2)^^-i- £ir 5)^^-2] 2]^ ^71 7}|^(NA3 vfl^l NA1)<^1 tfl-g-^fe «8 

S]^ ^oll ^7] ^3 ^o.S-^Eis] 3)s| 42 *^o] oj A }*> ^ ^.6)1 iHJSHr ^-7] ^|3 



*7l 7 fl^^(NA3) iflefl tfl-§-Shfe <9«H S)^ ^3:21-, Aj- 7) 7 fl^(NA3 vfl^] NAl)°fl tfl^fe- °§ 

aMWI Sft^-H. ^71 5]^ ^7> Aj.7] s]^ ^ ^-^6)1 ^<^A^ ( Aj-7] ^ 7 fl^(NA2 NA 

^139%H1 sa«H-H, #7] tfl# ^flafe, 
NA1 > NA2 > NA3 

* "vHWItt SAW, ^7] ^2:3} >^ 7 ) Aj-^ 7fl^(NA3 tfl^l NA1H cfl-§-*>fe ^^ofl °jAVS>fe Aj-7] 

^^(X 3)21 %4=-£ S>ift*H A^7i 3.3.3 ^12:21 Aj.71 ^ 7fl^(NA3 tfl^] NA1)°)1 cfl-g-S}^ <g^oll ^A>g> 
-*7l 4aJ. (x 3) oi Aj-7) >j3 7l s a|4£] 7| s.cg av^] ^jo) 7 fl^ 
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3^*53. 

$}52*M #7l 7fl^ ^1*V #71 #71 ## 7fl^(NA3 ifl^l NA1)«H tfl-§-*Hr <S 

*H °d#§Rr 4#(X 1)21 #^4 *#(X 2)21 ##1- S*H, #71 tfl# «2S) #71 #* 7fl^ 

(NA3 Ml^l NA1)°U "Wife ^^Hl °J#*lfe 4#(X 3)21 SWSfe 4# -id«!## ^-^^S sffe 

^T 1 * 54. 

*fl52#°H SU<>W. #71 7fl^ 7)1$ -^-a- #71 S-t^ Cfll" ^12:2) *«Ha #6)1 $4$ *# ^E-l?) 3^ S.^ O. 

3?$- 55. 

^ll# ££fe ^12%H1 5U<>H. WM*lfe ^ tfl-§- 312. 

380 ton < X 1 < 420 nra 
630 nra < X 2 < 670 nm 
760 nm < X 3 < 800 ran 
0.0 < tl < 0.3 
0.5 < t2 < 0.7 
1.0 ^ t3 < 1.3 
0.99 > NA1 > 0.70 
0.70 > NA2 > 0.55 
0.55 > NA3 > 0.40 
56. 

a)]l# *112#°11 7l7flJa tfl-§- €2i 3-8- 7>^ 3£ s-^ O.S 3} fe #4)- ^> 

^^*d-57. 

4#(X 1)21 ^11 #«o.S^sl #^ o)-g-S).o} ^ iii 71* £fe ^1 #^iL 71^- ofl^ofl cflsv ^ 

21 Ttfl^S 71^ 8jS>j! ( ^.^-(X 2) (X 1 < k 2)2) ^12 #^S.^-ElSl #^-g- o^S}^ 7fl2 iLJi 7l# ^( 

t2 > tl)* Sfe *112 #^£L 7]s nfl^o)] cfldV 3 JifiJ 7fl>a 7l«hfr «*Hl, 4#(X 3) (X 2 < X 3)^1 *fl3 # 

CLS-f-ElSI #4p§- °1#SH J*3 3.2. 71* ^M|(t3 > t2)# ^13 #^J£ 7l^ ufl^Wl cfltl- >§.5Lsl tH^ « /£E 

7l^# #^<g #*1°H, 7fll# £fe 7fl2#OIl 7l7M ^-U-^ tJl# 312:1" ?J* *HJ.2-3. Sffe %^ 

#*1. 

^T 1 ^ 58. 
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*1l57#°)) 7}*m #*j<g #*1» ?)# ^3 JLsL Sj-fe- -§-# Sj-#2l 7|s. ^/c^ £Aj ^Aj. 

el *M #*1. 

37*59. 



sJ-#(X 1)21 Xll ^-i; ol^-sM XI 1 iLJL 71^- ^-9|(tl)# Sfe *|1 7}^ d1|^1<H1 cfl*V ^gji 

2] ^fl^S ^/Sfe- 7)s.# sJSU, .^(^ 2)(X 1 < X 2)2) ^12 #3}JL.S.JfE)2] #4*-$ o|^sH a|2 7)# ^^)( 
t2 > tl)# S>fe 42 #^.SL 71^. oflSfloll nflel jflAj g/SEfe- 71^-g- 3)-#(X 3)(X 2 < \ 3)2) 7fl3 # 

#<??.§- ©l-g-SM *I3 Jii 71^- ^(t3 S t 2)» £ir all 3 #3iL 7)^ unroll c)iev >g^.s] ? fl^ */SE 

7i-^# *^«a #*i-g- cfl# ^soh, 



#7l ^ife ajojE. 17fl2l J^-fl^ #ofl ^21 ig O-jg. Olf-Ol^lfe S)^ ^-21- #3, 

#?1 S)^ T^°l) #7) ^11 #^5^21 4#(\ 1)21 Tfll #^o) <yAfeV ^ «- 0 H ^5}^ aV 7 ) 4\ %^9] 
f% 2l^^# £fe 5)^^21 7^f- n l, 

#?1 5]^ #71 a|| 2 ^€AS^-Ei2l S|.#(\ 2)21 ^2 ##0] ^A^ SH)^ aV 7 | ^ jg-^o] 

^2) S^tf^-fr £fe S)^#2) S)*i *HM- n2, 

#71 5]^ ^2:°!) #71 43 %Q°.3.!f-K\2) 2)-#(A 3)2) ^3 #4-ol ojAf*! 3^ J$ 7 ] ^3 3^3. 

^, 3012] Sj^^-g. 5>^ S)*l#2) Sl^ n3( 

#71 2}-#(\ 1)21 #^ofl 2)8(1 A o V 7 ) 7 |3. ofl^oJl 7^ ^/t^ 7 )S.^. ^| g]^ A o V 7 | 43. 

4i^2l #& 711^1- NA1, 

#71 4#(X 2)2) #^1 2)3(1 #71 42 71^ □fl^Hl 7l-l=~§- sjsfe ofl a o v 7 ) nfl-g. ^ S21 

i^2) #4r 7fl^^l- NA2. 

#71 4#(X 3)21 #4H 2)SH #7) X13 #^£L 7)^ oD^ol) X| ^ /££fe 7 )S.o. ^ ^^el A j. 7l ^ 

± % 2) ## 7fl t 1 ^* N A3 O-S t nfl , 

I nl I > I n2 I 
I nl I > I n3 I 

-§.oViAl7)^*AW, 



#71 cfli- #71 Tfll #^°] nl^V S)^## #71 Tfll #^a. 7]^ ofl^oll cflev A^ji^ ^ 7) s.^. 

7] 21«fl, ^-71 7fl^(NAl) ifloll^ #^e> sUfl-g. ^5lES ^j. 7 i »H 7 )s ofl 7 )s^ ^Vofl 

^ Sli, #71 A112 #^21 „2^1- 5l^#* #71 ^112 #^8i 71^- ofl^oll n)!*! $&2] 7 }^-§- *$Z}7] 2)efl, 

#71 7fl^(NA2) #^t> ^#5f£^ #71 42 #^^- 71^ d||3121 71^-^ #ofl ^J#^ ^ XlJl, 

#71 X13 #^°] n3*l- Sl^^-I- #71 7fl3 71-1=. ofl^oil tflel ^^.s! 7]^ ^t} 7 ) #7l 7fl 

^^(NA3) vfloilAi o^^v sj.^^. ^ajs^il. Aj- 7 ) ^3 #^^. 7is. Dfl^2l 7^ 7 is.c^ #^1 ^j#t =r Xlfe 

^ Sfe clll- 
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4#(X 1)21 3ll %Q£L3.!f-H]S] #^-§- <>l-g-SH ^11 7)# ^7H(tl)# 3ll #3l£ 7l^- nlWl ^jj 

21 7fl>« ^/SEfe 71^-1; S |5U, 2)(X 1 < X 2)21 ^Hl2 ^«L£^^| #4f£ °l-g-sH ^12 1L£ 7l# 

t2 > tl)» £fe *fl2 #7^ 71^ nfl^oll c}1£ ^i2l 3H 71^ s^n, 3)(X 2 < X 3)21 3]3 # 

^3.^2) #^-§: ol-g-sH ^13 iL^ 7]£ ^M|(t3 > t2)» 313 7l^ oflAfloj] cfl*> ^ 

7l^# #s><a =8*1-8- cfl# ^!^H, 



A o V 7] ^(X 1)2] #3^1 2)3)) #7l 3ll *^ti 7)^ DpHl ^/S c .fe 7l^g- SJI^-b d| iU£ #7] CHS- =3^21 

^2} #^ 7fl?^-& NA1, 

A oM 3f#(X 2)2) #4teU 2)4) #7l 3)2 7| 4* cfl^ol] 3|# 7l^# flSj-fe ti) a^S}- #7] tflf- i^oj 

4i^2l ## 7fl74 1 f- NA2, 

A o V 7l 4#(X 3)2) #^°U #7l 3)3 *^8Ji 71-1;- ofl7flol| 5{ /SEfe 7 )-^-|- gj^ H) # 7 | cflf- ?*2,S) 

±% 21 #^ 7fl -7^* NA3 AS t 18 , 

tf7l cfll- SQSS) 17fl2l # 7 | 313 7}^ aB^fi] ;*)JjL6|] nflS)) 3|>8 7^-fr 

*}7l SIS)) ol-g-Sjfe #7| 7fl^(NA3) ifl«fl cfl-f-Sl-fe <8«?3}-. A o V 7l -^-f ^£#6)) fl*lSM 

-JM 3ll ^J4 7]^ o|*H Cfl-Sfl ^ ^/Sfe 71-^-1- SJS>71 2)Sfl o}%S\i=. o|<ij°| 3^5: 27fl2 } cgcjjjg. 0 ) s 

^71 s^wfe §.4)^^01 4t-2] has. ail ^27} ^^SlU, 

^7) <>§<Sj°)l 5)^ ^-S°ll *«6.S.-?-ElSl 2l-^(A 1)2) »H ^Ol 7^o)l ^7] ^ 

21 S)^^- ^, ^Cfl2l SJl^-i- 5J-fe 5)^^-21 5)^ ^.g. nl 

^•7) ^-f <^^o)l 31 -7S°fl -8-71 ^12 ^A^E-121 2)21 ^12 ^-#^1 ^Al-ev ^o.^ ^g^ fe A o V 7 | 

^12 ^#2) Sl^^- f^, 2|C}121 S|^^-g- 5)!#2l S]^ SV^l- n2 , 

-8-71 ^ <g^oll ^^^1 Sll ^2011 #71 ^13 ^€A5.-?-El2l $$(\ 3)2) »|3 %^°1 ^4^: ^-2-°ll ^S*l-fe #7] 
^13 ^21 Sll^- f-, ^ufl2l S11^# ?Hr 2)1^-21 5)^ n3 o.S. t ««, 

I nl I > I n2 I 

SE«1 

I nl I > I n3 I 
* D J^l7l^-S-AH], 



#71 cfll- ^lafe #71 ^-f <g^o)lAi ^5).^ #7] #4-21 nl^> ^11 #^a. 71^ cflSV ^ 

£2] 7fl^ ^/5Efe 7l^# 3JS1-71 2]«)1 #71 ^1 #7j^. 7^ 01)3)21 7l^ #6fl ^#§^1, #7l -?-f 

% v ^3]-^ ^71 ^2 #^2) n 2SV S|l#-i- #71 312 #^£L 71^. D ])3)o)l cflev %q ^/!E±r 7l^# sjSM ^sfl 

^71 7)12 71^ oB3)2) ^Ji 71^ #0)1 ^]#5]-IL, #71 ^-f ^^OllAl ^§> fe # 7 ) 313 n37V 5ll# 

1- -8-71 7)13 ##SL 71^- n))3)<>|l n))ev ^j^o] ^ /5Efe 7 )a.^. ^ y 7] ^3 7 ,s. ^3)^ ^ M 7 ) 

<?H ^^ffe 53* s.^ sfe cfl# ^)^. 
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3^61. 

XI 59* SEfe *f|60*°)l SU^H. #7] 2]*1 *K*(nl tfl*l n3)fe 4# ^^ ^1?]^ a^)6 S tB£. ^ 
I n2 | = INT(X 1 • | nl | /X 2) 
I n3 I = INT(X 1 • | nl | /X 3) 
I nl I > I n2 I > I n3 I 

nl€- 0, ± 1 o}$]s] %^£., INT(\ 1 • I nl | /X 2)fe X 1 • | nl | /X 2» ^-S-^sH ^^1 z]^ ^ojji, INT 
(XI- | nl I /X3)feX 1 • I nl I /A 3# ^HSM ^^1 ^^r°)4. 

X)6l%Hl $U»H, "JH^lfe misis. Sfe ^s. 

I INT(X 1 • I nl I /X 2) - (X 1 • | nl I /X 2) I < 0.4 
I INT I (X 1 • | nl I /X 3) - (X 1 • | nl I /X 3) | < 0.4 
63. 

459^ £fe ^160^1 Sl^H, #7] S)^ %7] 4^(X 1)2] #^2j T IN (x 1), #7] I IN 

(X 1)2] S>fe ^7] 4#(X 1)2] <gAf A o V 7 ] S)^ ^if -g.^ ^o) §A> I QUT (X 1),' 

^7] si*} ^soii <yA>5j.^ A> 7) 4^. (x 2)21 <y A) . IjN (x 2)> Ao v 7 , IjN (x 2) <^ ^. 7 | af^- 

(X 2)2] °]Aj. ^O] #71 S)^ -72:1- Jg-Sj-fc ^ 2] #^2] I 0UT (\ 2 ), #7] S]^ "y^J-fe- #7] 

Sj-#(A. 3)2) -yAj- #^3] IlN 3)> IlN ( X 3) o] 34$$ Aj- 7 ) 3 ) S) oj A > ^O] AT-7] 43 

§4$ * 2] %4r<i\ I 0UT (X 3)°14 55* nfl, cf-g- ij^- oV^Al?!^ ^cliZ sj.fc. ^S. 

lour (X 1)/I IN (X 1) > 0.7 
lour (X 2)/I IN (X 2) > 0.7 
Iout (X 3)/I IN (X 3) > 0.7 
3^64. 

459%- £fe *fl60$°ll Stt<>W, ^7} Sl^ 72fe- 4#(X B), #7] S]^ ^( n l)S. sM4=H 5ttfe #*W, 4£ 
& ^J.2-£ 3>fe fffls. 

380 nm < X 1 < 420 nm 

630 nm < X 2 < 670 nm 

760 nm < X 3 < 800 nm 

340 nm < X B < 440 nm 
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I nl | =2 
I n2 | =1 
I n3 I =1 

^64^ ^^l?)^ 3-§- #^i>_sL Sfe tfll- fla. 

350 nm < A. B < 420 nm 

3^66. 

464%H) floH, A oM tUl- ^71 ^(X 1)-$L<} 5 nm 7j 4^ ^o] <yx>^^- aM..^ ^J-y)- aj-oj 

« 0 >^o. S ^S)-5>^ ^Sffil 2]^^ s.^ O.S. S|-fc tfl-§ 

^R^67. 

"fiSH^Rr ^ ^|^V21 s).^- fil^-i- £H, #7) 4#(X 5 nm 7j 4^ ^<M** "fl^ -f # 

2.9\* "fi^-i- A CA, ^7] 4#(X l)iL^ 5 nm ^! 4#2) 7fl^(NAl)°l] d]|-s}b £3] 

^^*ASA4 Sg* u| f cfg-ii-l- -5^171^ 5J#s.^^S Sl-fe cfl# 

- 1 < A CA/A SA < 0 

^^68. 

^64^=11 Sl^H. 4#(X B), ^71 ^(nl)S ^7) -?2S] ^>7| ^aj ^2] z]- 

<D b = | nl I • (b 2 • h 2 + b 4 • h 4 + be • h 6 + ) 

4*h 6*h 2] #51*1- l-^r *l<r(SHifc Til^HS. $)<3], 

PD = S(-2 • I nl | -b 2 H m ^^fe sl^^S'Sel ^(iDm- 1 ) 7f cj-g- -i] ^a]?)^ ^ ^o_S. z\ 
0.5 x 10 -z < PD < 5.0 x 10 ~ z 

^159* Efe *fi60^°l] 5U<>W, -8-71 S)^ ^Sfe B), #7l 5)^ ^(nl)£ **H, cf-g- ^ 
-It -L^Wlfe 3J-°r s).^ tflS ^la. 

380 nm < X 1 < 420 nm 

630 nm < X 2 < 670 nm 

760 nm < X 3 < 800 nm 
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400 ran < k B < 430 ran 
I nl | =6 
I n2 I =4 
I n3 | =3 
70. 

^69#°11 &<>H, 4-S- *1£ ^iLsL ofe tfl# tfa. 

405 ran < k B < 425 ran 
71. 

*fl69#°ll 5U°W, cfl# 3!=*^ #71 s}-#(\ l)Jic)- 5 ran 7J. 4#S} ^o] oj^-g- «fl <^11 , J±3 ^ 

^©.S SSWfe- ?<S ^*l-2] s^# 2l§^# ^ o_3. Sfe cR# 

^T 1 * 72. 

^)71% Vo fl &<H*1. #71 ^Sfe #71 S|-#(\ 5 ran ^1 4#2| *!o| ojA^^- nflo^ ;f # £7)^71- 

fcSWfe ^# ^^21 SjI, #71 Sl-#(X 1) Wcf 5 nm 7j 2|-#2l «Jo] nflel :f # 

£SHM- A CA, #71 4#(\ OiLi} 5 ran ^1 J^a] *M ^ #7j 7fl^(NAl)°ll tfl-g.*^ $ 

7)1 #*}a] <fiSH8* A SA^ n, cf-g- i]-g; °V^-Al?l^ jj* a.^<L3. tfl« 

- 1 < A CA/A SA < 0 
3^*73. 

*ll69#°11 SH^H. 4#(X B), #71 *Hr(nl).sL a| *)*>-€ #?1 S)^ ^£21 #7l ^2) $s] ^^1-, 
0 b = | nl | • (b 2 • h 2 + b 4 • h 4 + be • h 6 + ) 

oil 2lsfl ^2)S)fe #5.*!- f-'rS ^vfl^ ^-fo!|[^7H, h^r %2t±3.*f-l)3] &o) (mm), b 2 , b 4 , b 6 , 44 2*h 

4*h 6*V, 2) #5LS> ^1^(2)^ Tfl^ilE. #)<3], 

PD = S (-2 • | nl | • b 2 ) 

oil 21311 ^2l£lfe 5)^ ^^21 ^(nim- 1 )7> Cf-g- <i]-£ *WM*lt ?ltf^O £ 

-5.0 X 10" 2 < PD < 2.0 X 10 _z 
74. 

*H.59« £tt ^160*0)1 $1<>H, #71 3*3 ^Sfe 4#(X B), #7l s\*£ ^(nl)S 33S1-SH 5Ufe cf-g- <bl 

-§: fife 51 # ^^S. S}^ 

380 ran < k 1 < 420 ran 
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630 ran < X 2 < 670 ran 
760 ran < X 3 < 800 ran 
390 run < K B < 420 ran 

I nl I =8 

I n2 | =5 

I n3 | = 4 
^^75. 

*\}74*M 5U<>H, Cf-g- AJ^. n^A^fe. 5|# ^ o.ji. Sfe 4|# ifflS. 

395 nm < A. B < 415 ran 

^^76. 

^159% SEfe *)l60*°ll 5tH*i #7) fcir 17fle] 5]^. s.^j o. s gffe ,g S> 

^?-*J-77. 

*1]76*J-°I] Sll«H-H. A o v 7l djl- ^7] s*#(\ l)ofl XH^e] 2^ ?H e)» fl(mm), §*4J J^f - d(m), #71 cfl-g- « 

0 d4sHr #7l s|-#(\ ^ a]7|-3- (j) 1 (nim) r $7) 43 7]*t <1*H ^ $iL2] *H 7l^-# 

0.7 < d/fl < 1.5 
2.8 < $ 1 < 5.8 
fB3 > 0.2 
3^78. 

^159^- 5Ec ^160^1 floW. -»7l *fl3 #3J± 7]^- nB^I|«fl <fl$ ^ 7]^ flSfe ^g-f 2} $7] cfl 

# 3!^2| iqgg m3 oie} tv 3**11, i}# D J-#A]?]fe 5i# ^jus. cfl# ^a. . 
m3 < 0 

79. 

^l78^o|| 5U<>H, «*g- tf^l^lfc 53* -S^iLsL sffe cfl# SQ S . 

-0.25 < m3 < -0.05 

3^80. 
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^178%H1 5fl°H. A oM ^12 71^. p^lofl cflt> ^Jis] ^ ^/ffife 7)^ *JSfe 7^2} # 7 ) cflf- ^2} ^ 

# Bfl#* m24 * 3-f*H, 4# 4* <L^H?lfe- 5J# nfli- ^ 

m2 < 0 

37$- 81. 

*H8o#°u sa<H^, 4-s- "L^i^ife 3# ^ o.s sffe tj|# ^s. 

- 0.20 < m2 < -0.02 
3?#82. 

*1]59# 5Efe ^60^-^11 31°]*], #7l #4=- 7fl^(NAl % NA2)fe. 
NA1 > NA2 



« *AH, #7] tfl-g. ^lasl # 7 ] Aj-a 7 fl^(NA2) t})-g-s>-b o^-fr -f 4tV av 7 ] 2)2 | # 

#-8- #7) #4? 7ll^(NA2) MHH #7l 7 |s. dH*|*| 71^^ #°)1 &<>H 43 rms*)7>0. 

07 X 2 rmsim- 4£ #Efi°U, H$ #71 c)l# 3l2,£} #7l #<* 7fl^(NA2 vfl*l NA1)°H cfl-§-*l-fe- <8^-fr f-4* 
#7) 4#(X 2)31 #4?r£ #7| 42 7)* nilgai 7l*S #4*1 £^s>fe -f Al«U, # 7 ) 2)2] 

#71 #<*. 7 fl^(NAl) MH*1 A o V 7 ) ^ 2 3.3 j£ 7 |S. D f ^iL 71^^ #<>)) fl<>H 3^ ^fi] rms ^ 7 |- Q.07 
X 2 rms.&4 # #6flo] 3I-2- a^ o s g}.^ cfl# 



^1^83. 

*1182#<H1 flo^, #7] 4#(X 2)2) #71 ## 7B^(NA2) HHW # 7 | 42 #^iL o^fi] ^ji 7l^ 

A oHl SWi, 4<S ^1-21 rms^l7l- 0.05 X 2 rmsiH} #3)°):n, #7] ## 7fl^(NAl) i-M-H #7l *)l2 
#^SL 7is. nfl^e} 3)M. 71^ #ofl 5U<>H 4^ <r*1-3] rms^l7V0.20 X 2 rmsi4 €• #*R<?I 3* ^^l£ *fe 

^^*J-84. 

^182%H1 Sa<H^, #7] cfll- ^^21 # 7 ] #^ 7fl^(NA2) tfl-g.^ <3^# -f4$ #7l 4#(X 2)21 ##Sl 
#71 *\)2 71^. nfl^fi) ^li 71^-3 #°tlAi2l ^ #71 cflf- ifflaSl #7l ## 7fl^(NA2 vfl*l NA1) 

°11 Efl-§-*fe <S«* -f 4^ #71 S)-^(X 2)21 #^21 #71 ^12 7)^ ofl^o^ % & #0)^^ ^ 

#71 ## 7fl^(NA2)°11 Si<>1^i 3* ^ ^-5. §m tfl* 3)2:. 

^^^85. 



^182%H1 ^ol^, #71 1-2:7} #71 cHl- fSssl #^o,l o^olAi, # 7 ) #a 7fl^(NA2) vflo|| cfl-§-s} 

^£ S]^ ^2011, #71 Tfll #^O.S^2l 4#(X 1)21 m %4?0] <$A\Q % V ^5>fe #71 ^fll 

#^■21 S)^# ^, 5|tfl2l 5)^#^# $S= 2l^#2l ^Si)., # 7 ) tfi 7fl^(NA2 vfl^l NAl)«fl ^-g-*fe 

°fl ^s^l #71 ^11 #^0.5.^21 s}$(x 1)21 41 #4-oi <yA>*v ^0.011 #7] *m ^21 s) 

^# f 1 , *)cfl2l S]^#^ S]^#2l 3*3 ^oM, 



- 132 - 



-?7fl-&*l ^-2003 - 0030926 



#71 #^ 7fl^(NA2) UN cfl-l-^ <3*N 5)^ t^SK #71 #<% 7fl^(NA2 UN NA1)°H cfl-§-SKr <g 

<3°ll SI 3 4# ^4 *\s. 4# sN^^H 5Ufe ^-^^S cfll 312. 

*fl82%N &<>N, #71 3)^ =t&\ #71 cfll- ^^21 #4<3°fl ^Al, ^v 7 i #4= 7ll^f^(NA2 UN NAlH 

1Mr "S^l 3^ 4#(X l), 2)^ *N$V=H 5Ufe SRr cfll 3)2. 

^^87. 

^159^ £&tr ^160#°11 5U<>N, #7l Ull 3l2fe, 
NA1 > NA2 

1- >?HWlz7 f-AH, a> 7] ^j^o] a.v.71 aj-s 7 fl^(NA2 UN NA1)°1) cfl-g-S}-^ ^N^r #7) 4#( 

X 2)21 #^r-§- #71 cfll- 3)2:2] A> 7) 7 fl^(NA2 UN NA1)4| cfl-g-^ ^^o)) <yAf§l.fe.#7l 4# 

(X 2)2) a o v 7] ^ 2 7) a o||sl|2l ;gj£ 71^ #?N £t§N sfe 7fl^ 

^-^-S- §fe Ull 312.. 

»l87*°fl Si^^l, #71 7 fl^ 4« #71 cfll 31 S e] a o v 7 , 7 fl^(NA2 UN NA1)°H cfl-§-§}^ <8<SH °d 

Algfe 4#(X 1)21 #4r# f-sfSl-fe -g-^Hl, #71 c)l«- 3122) ^v 7 i aJ-& 7ll^(NA2 UN NA1)°H Ul-§-sm 
°J^l-Sl-fe SHKA 2) 21 4>LN ^ 4# -5d«Md-g- Sfe f^AS 31-fe tfll- 3]^. 

^^^89. 

^187^1 5U*H, #71 71R *H*V ^-8r #71 cfll 312:2] #4)-<3 Aj-ofl fg^Q 4# ^ -fr S-^<LS. Sffe 

cfll 3I2.. 

^^90. 

*fl82%°U S^H, #71 cfll ^2:21 7fl^(NAl, NA2, NA3)fe, 
NA1 > NA2 > NA3 



* "S^Nfe **H, #71 Cflf- 3)2:21 #71 #<§=• 7fl^(NA3) UN cfl-§-tf^ <g«^ -f ^7l 4#(X 3)2] # 

#-8: #71 ## 7fl^(NA3) UHN #71 7)13 *^JJi 71^. nfl^s] ^ 7] s.^ oj^a^ ^ ^x}Q\ rms^7V0. 
07 X 3 rms^m^ #Efl< : >U, #7l cfl# 312-21 #7l ## 7fl^(NA3 ^1^1 NA1)°11 tfl-§-^ -f 4 

*> #71 ^#(X 3)21 ^-#8; ^"71 Afl3 #^ti. 71^. cfl^S] 7] S.^ ^-AH), A). 7 ) 3%% {X 3)0] ^ 

#71 ## 7fl^(NAl) i-H^^I #71 ^3 *^Ji 7m 0^21 ^a. 71^^ ^1 Xl<H^1 4^ ^^2) r ms^7V0. 
07 X 3 rms^ e #Efl 0 J 51* ^-^-5.5. SVfe cfll- 312. 



^^D-91. 

^190^H1 $a<>l^ > #71 4#(X 3)21 %4f£ $7] ^ 7fl^(NA3) cfloflA^ ^3 7 ]sl nfl^]^ ^ 7 )s.^ 

Aj-ofl oj^Ai 4^ ^43] rms^l7f0.05 X 3 rms^t} ^ #Efl°U, Stb #7l #^ 7fl^^(NAl) cfloflA^ ^3 
*^J4 71^ D fl^|2l ^ a. 71^3 #611 5a<H^ 4^ ^*>2l rms *l7l- 0.20 X 3 rmsi^ -E #Efl?l 5l# ^-^^5. sfe 
cfll 312. 
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92. 

*ti90#°ll 5fl<>H, 4# «asl <*M #* 7fl7*r(NA3) xflofl cfl-§-S>fe °J<3-g. #7l a)-#(\ 3)2] #^2) 

^71 *03 7is. o^s] 71^^ #0^0) ^ ^%\<% t # 7 ] 4)-§- 31^2] #7l tf^ 7fl7^(NA3 vfl*l NA1) 

°11 <89* ^7) 2)-#(\ 3)2} ##2] #?1 7))3 7|S- nflSflS] ^Ji 7|^g #*WS| 7£ 7 7^ 

^•7| #<§? 7fl7*r(NA3H 5U»W 5J# ^SLS. §>fe cfl# 

3^93. 



*»90qH SU<>W. A o V 7l 3]^ 727> #7] cfll- ^2:2] fl*}-^ floH. ^7] ## 7fl^(NA3) tH-g-*}- 

fe. <g^6fl ^^s] $g 7 2 ofl #7l 71)1 *flia^fll 4^(A. 1)2] a|l <y^ev 3^ a o v 7) ^ # 

^ S\%% -t, s\^%^-ir £fe s\*£%2) $3 sV^sq., #7l aj.^ 7 fl^(NA3 NAl)<fl tfl-g-SKr «9«H 

^€ $3 ^71 Tfll #^jliMMM2) s|.#(\ 1)2] 7|]2 ##°1 o)A>tV ^-fefl u eM§SHr #71 Tfll %4?o) 5\*£ 



#4* 7l)^(NA3) 4)°f| tJ|-§-SHr «8«H *7l ## 7fl7^(NA3 ifl*l NA1)4| <WHr «8 

«H T^fe j^aj. a^s cf-E safe 3l-§- f^iS c||f- ^2,. 

94. 

^190^ &<>H, #7] £|g ^27> #7l Cfll- ^12:21 ^t(-^o|] 0)0^ # 7 | #^ 7fl^(NA2 41*1 NA1)°11 

tfl-§-SRr <8«WI ^^(X l), 5)^ aV^s 2|a|$=H 5Ufe ^-^^s s>fe tfli- ^a. 

^^95. 

^182^1 Sl^l, A J-7l ^ISfe, 
NA1 > NA2 > NA3 

-§• °J-^l7lfe *7>H1, #71 tfl# ?£Z:21 #71 ## 7fl7^(NA3 Ml^l NA1)<>I1 cfl-§-S>fe <9^oIl flAWfe #71 2]-#( 

X 3)21 #^-1; a)-^*H, #71 411- ^lael #71 ## 7l|7^(NA3 ^H^l NA1)°11 tfl-g-Sj-fe <S^ofl "yT-Vs}^- a o v 7 ) ^# 
(\ 3)21 ##ol #7) 7113 #^SL 71^ afl^Sl 7)^^ #?}*) *Vfe 5i<^l 7}^# 7fl^ ^'S^- 

5>fe ^5.5. 5>fe cflS ^]a. 

^^96. 

>J95*«A 5a«H^. ^71 7117 *l« -8-7] cfl# ifflasl #7] ## 7fl7 i r(NA3 tfl^l NA1)°11 ifl-g-^fe °J^^I1 °J 

4#(X 1)2] #^4 4#(\ 2)21 ^Wl-fe #71 cm- s!!S2l #71 ## 7fl^^(NA3 tfl^l NA 

l)°ll •g^^D "y^sffe 4#(\ 3)21 #4~§- A^Si-fe 4# ^^a^ ^ a^io s tfll- ifflS. 

^)]94#°fl Stt<H*l. -*7l 7117 ^ltb -8-71 tUl- «sal #S)-^ #°11 nl-# ^ «E-)9J f^o s s)fe- 

4)1- <ffla. 
^^^98. 

^159# ££fe Afl60#^ll $X^], 7flfi.S 3-§. f^AS. §>fe cfl# ^fla. 
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3^99. 

^159* £tt *1]60%H] Stt'H-H. -fre] ^3 sj-fe- rill- ^a. 

^T 1 ^- 100. 

*I|991HI &°W, -fi-e] 7fl fife- ^ol^(Tg)°1 400 t s-^o_ s ^ tfl§ ^a. 

^T 1 ^- 101. 

a|59tf SE^r ^160%H sa«H*1. *1* ?>^l?lfe 2* f^iS 

380 ran < A. 1 < 420 nin 

630 nm < X 2 < 670 ran 

760 ran < X 3 < 800 ran 

0.0 ^ tl < 0.3 

0.5 < t2 < 0.7 

1.0 < t3 < 1.3 

0.99 > NA1 £ 0.70 

0.70 > NA2 > 0.55 

1.55 > NA3 2: 0.40 

^T 2 -^ 102. 

*#(X 1)21 *U #*Lfi.£J?-ElSj ^Hrfr ol-g-SH *»1 US. ^(tl)* £1= *fll *^Ji 71^ oJ*W tuft JgiL 
21 *M ^/S^ sjtl-jl, 2) (A. 1 < \ 2)3 *J2 o^sM afl 2 J£3l 7l# 

t2 > tl)# £xr >02 Ji 713- nl|*H cfltb 3*1 2} ^fl>a ^/£E^ 7l^fr *JS>JZ, 3) (X 2 < X 3)2] *||3 # 

^AS-f #4r-§- ol^.s}o^ 7 }# ^-M|(t3 > t2)l- 5fe ^13 7)s ofl^ofl ^^.^ ^ ^ 

flafe ^|59* ^l60^-°fl 71 7M tfl-§- -^tal*!. 5j-g- a^o s ? 

^n 1 ^- 103. 

^iio2^hi 7}m ^±s. em ^/se^ ?m #*i ^/a^ ^ ^/at si- 

#3 Tfl^ 

^RH" 104. 

l)2M1l ^AS^Sl ol-g.3J.al ^1 7m ^(tl)l- £fe 71^ D J^o)) ^ ^fi 
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4 44 4/3^ 44"§- 4#(X 2) (X 1 < X 2)2] 42 °l-g-44 42 71* *4( 

t2 ^ tl)« $Hr 42 71^ 444 4* 4£4 44 ^/Sfe 4^ 44^, 4#(X 3)(X 2 < X 3)2) 43 * 

4^444 #41" 4-§-44 43 SJL 71* f-9H(t3 > t2)# £fe 43 #4-£ 44 444 44 4iL4 44 4/SE 
fc- 44* 44£r #«><>} CHI- ^!3oi^ ; 



#4 #44 #4fe -8-71 41 iLtt 4* ^-4 44 43 Jii 4* *44 44 7|<ysH 444^ ^4 44* SL^4 

71 21 * 71 * *44 J£$ ^tf* £ul, 

#4 4#(X 1)21 #44 214 #4 41 #3J£ 4-^ 444 44 441- *j§lfe cfl # 7 ) ^2:4 

i^sl #^ Tfl^l-NAl. 

#4 41 #4l£ 44 ufl^|o|l cfl* 3glifi| 711^ 71^ ;§ °.oj cfl-g. ^fi) ^ ml o)e} 

$4*4. 

^•7] 41- 4sfe #4 *#(\ 1), #71 41 H± 4* ^4(tl), #71 ## 44=r(NAl), #4 1# 4# m iel ^ 
4 444, ?4 4471- 4^4 4344 53* 4^r 41- 4S 

3RD- 105. 

4104*4 444, #4 cB# ^o] a^io £ § fe cn# 

^^106. 

4104*4 444, #7] 41 4s^ 144 ^^Sls 53 1 ^4^s 4£- 41 4s. 
^n 1 * 107. 

4106*4 444, #71 41 4s4 #4 4#(X 1)4 4.444 ^ 44* fl(mm), #4 *4» d(Mii), #4 cfli- 

4S<>I1 444^ Aj-7] 4^-( X 1)2 1 #^ 21^^ $ l^), #7l ^fl3 #4*i 4-& nflaflolj cfloV ;gt£o) ^ 7 J3. 

1- <84Sr 3*4 #4 41 4^4 4* 4211- fB3(mm)44 521- 4, 41- 41 *^44fe 41- 41 

0.7 < d/fl < 1.5 
2.8 < 4> 1 < 5.8 
fB3 > 0.2 
4^4" 108. 

4104*4 444, #4 41- 4s4 #^ 4^(NAl, NA2)fe, 

NA1 > NA2 

t-*#44fe-§-44, 

#4 41 4s4 #4 #<% 4^(NA2 44 nai)4 4#4fe 444 444fe #4 *#(x 2)4 #41- 444s, 
#4 41- 4^4 #4 #<§= 4^(NA2 44 NAl)4 4*4^ 444 444*r #4 4#(X 2)4 #4-4 #4 42 
#4iL 43- 444 4-5L 444 #44 £4:44 4fe 44 4^* 4? 4* 4^ 41- 44^s 44r 
41- 4s. 
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^T 1 ^ 109. 

*l 108**11 SU^H. #7l 7fl^ z\m #7) cfll- ifflas] ^71 7fl^(NA2 vfl*l NAl)efl tfl-g-^fc °J°W <g 

ARfe 4#(X 1)21 f-AHl, av 7) cfl# ^lso) av 7 ] Aj-i 7 fl^(NA2 NA1)°)1 cfl-g-em <g*H 

4#(x 2)2] #^-§- 4# 4I«hd# 5fe JHJ-^s. tfli- ^az. 

^T 1 ^ 110. 

^)104%H1 floH, #71 Hl# ## 7fl^(NAl, NA2, NA3)fe, 

NA1 > NA2 > NA3 

a 0 v 7 ) 0)# ^asl Aj-7] Aj-^ 7fl^^(NA3 MW NAlW tfl-g-s}fe- °J<>W ojAfsfe Aj- 7 | 3) s) ^.g. *Ki§H, 

#7] tfl# qflxaj av^ 7 fl-7^(NA3 MW NAlH =fl-§-SH=- <8«W ^A^fe av 7) 4^.^ 3)2l aJ- 7 ) 

^T 1 * 111. 

*flll0#°I| StW>H. *7] 711^ >fl$ ^£ A> 7 ] cfl# ^aS] #7] AVi 7|1^^(NA3 ^1 NAtW tfl-g-^fe. <g«W <y 

4#(A 1)2] *-^-§- Jp-SWfe- Saw, aj-71 oi^. aj. 7) Aj-& 7 fl^( NA3 ifl 7 .i nA1)<^1 <WRr °j<5W 

<yA>§}^ 4#(\ 3)2) AH25Rr 4# Sfe 3* mi°SL sf^ tflg- 

^T 1 * 112. 

*fll08#°ll 5fl°H. #71 7fl-? $m «^lfrfr #7) Cfl# ^12:21 4# 4J*1 l*!?] 51* ^JlS sfe 

113. 

*U04*°I1 5U<>H, TfliLsL ^Aj^ 3}* a^jos. gy^ ufl^- ^Ja. 

^T 1 * 114. 

*Hl04%W floW, ^ Tflfi-S ^Aj^ 5J-2- a^j o. S tfll- 
37* 115. 

*fll04#°i] ^o^, cf-g- A].g. «>^a1 ? 1^ #^1 gf^ cfll- ^la. 
380 ran < X 1 < 420 ran 
630 ran < X 2 < 670 ran 
760 ran < \ 3 < 800 ran 
0.0 mm < tl < 0.3 mm 
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0.5 nun < t2 < 0.7 mm 
1.0 mm < t3 < 1.3 mm 
0.99 > NA1 > 0.70 
0.70 > NA2 > 0.55 
0.55 > NA3 > 0.40 
3?$- 116. 



4#(X 1)21 A]\ %QSL3.*?-l]9] #^-§. ol^SVoj *)ll Jil 7]^- ^-^(tl)-a 4fe *)]1 fl-^jji 7]^- ofl^flofl cfleV 7*$_ 
si 7flAg 7l^# qtfcL, 4#(X 2)(X 1 < X 2)2] »|2 *««lS+B| 2] °l-g-SH ^12 Jlft 7l# *f-*|)( 

t2 > tl)« 4£r 42 7]^ °fl*H cfl*V ^JiS] ^/Sfe 7]s.# flSKn. 4#(\ 3) (X 2 < A3)2) 7)13 # 

o].§-3H *)l3 Si 7]# f-*|(t3 > t2)» 43 y)W^m\ tfl^- S/S 

^ 7l^# %q<3 ^}o)^ > t)U04#°]1 7)7fl^l cfl# ^flal- 5 l-g. o.j= ^ ^ 



^T 1 ^ 117. 

*)]116#°11 7l7flJei #sj<a #*)t- ^-7H*> ?)-§• Z}±r ^/Sfe SHM 7)^. #*] rJ/s^ ^ * /£ c fe $ 

#e] 7|]^ #*]. 

^T 1 ^ 118. 



4#(X l)a] ^|1 ^-^S^e] 0}$.^ jjjt 7 |# f-*i](tl)*- 4rr *fll *^SL D W) tfl£ 

^^.2] »| ^| 7l^# sjsl-jl, 4#(X 2)(X 1 < \ 2)S) ^12 #3}JL3,f-Ei2] 42 %4=-£ °l-g-3H $ 2 7) 

# f"^(t2 > tl)» 4fe 42 *^SL 71^ nflaflo)) cfl*V ^4 71^-i- fl*Kn, *#(X 3)(\ 2 < \ 3) 

2] X13 ^^S-f-Ejfi) 43 #^-g- °l-g-*H *3 Jii 71* ^7)](t3 > t2)# 4fe *)]3 #3 J* 7m nfl^o)! cfls}. ;gj£ 
2] 7fl^| ^/£Efe 7is.# sjs}!!, £EtV #7l xll 7l* ofl^ ifl^ #7l Xl3 #3)iL 7l# ofl^o)) cfl« ^SLS} 7fl>g 

^/£tt 7j«H| ^so, 3!^!- °l-8-*Rr #3)<>] #*l-g- ^ &*Mo| ( 



#71 #«}• ^421 34 %%x$,& eyc^yf-i] ^v^is ^ <g^ f ^ 2 %4? <^^, »| 3 ^ 

21 2El^<y 3 7flo^ sj.^ o. s g.^ ^0.0)^ ^. 7 j ^ ^ <g^ofl ^A].^ *^o] f-Sf^^ #71 %^ ±7.}5\ 

# *W ^ 21^ ^sfl x}43, Al W "S^, ^12 ^ <S^, ^13 ^ cg^oleq- SS-g; nfl, 

#71 XU *^ <8«W| flA>^ #7) Xll tjj^l ^13 ##-8: Zt 2 !- #71 Xll ^\ A?, #^Ji 71^ °fl^2l A 7l^^ 

#^11 <a=s^ 4^1- ^#§1.^ 

#71 ^12 %n <S^^1 #71 XU ^ ^2 44 #71 41 ^ ^12 #^S. 71^. c |]^o| z\ ^fl. 71^^ 

#0)1 <y=^t> ^JW D i, #71 ^12 %n oj^ofl oj A ^v ^7] ^3 AV7I ^)3 #^£L 7l^ nflsfl 

21 ^gA 7)^<3 #o)i o^^v b)-^ ^^sV^l 

I*, -*7l ^)13 W <3°4<>11 "94* ^71 Xll #^€- #7) *))1 71^. nHSflo^ 7|S^ ^o)) oj:^^ 4^ ^ 

^5>£S. ^^s>^o> ( #71 ^3 m °J^°tl ^"71 X12 « ^13 #^ 44 ^7) X12 ^ 7)13 7)^ ^21 

4 ^a. 71^ #6)1 oj jrev aj.^^. ^^g^i o^o. o. s s}^ #^ i7>. 
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119. 



s|-#(X 1)21 *lll ^^S^-E^ ^ o]£z\q 41 sljt 714 f-^Ktl)* 4fe ^1 #3£. D fl>HHl nfl*V 

^^.2] >M ^/Efe sjsfn, 4#(X 2)(X 1 < X 2)2) ^12 ^^.S-f-Elal 42 °1-§-sH 42 7] 

4 T*il(t2 > tl)» 4fe 7)12 *^Ji 7]^. Dfl^oil rflSj. ^ 7 ]a^. 3)(\ 2 < X 3) 

2) t!)3 #€^.-§.^21 7fl3 o)-§-sH t))3 iLJr 7 14 ^^ (t3 ;> t2 )l- ^13 7]^- oa^ofl cflev ^a. 

2) 7(|>9 7]^-i- SESV #7] 7)]l %^ 7lS aj^ ^) #7| 7fl3 #^£L 7]^ D flAH cfl*V ^121 7fl^| 



#7) #«)■ di7>2] °]# f.^^- ^ «j=8fl Tfl 1 #4^ <£<*), ^2 <3 <4 »l3 <3 <3 

21 ^2] 371)21 #4- <$<*SL3- £f-*V ^-fofl, A o V 7] z]- <^ *H o}A|.£ #^Oj- Y^ffe #^ 

44 e^a-¥-El 2]## f «H Sl-Bfls Till %n <$% 42 <fa, 43 %q nfl, 

#7) ajl #3)- ^«o|) <a*>$ #7] Tfll Ifl^l ^3 #4f£ 44 #7l 71)1 lfl4 7fl3 7]^ nfl^S) Zj ^14 7^^ 

#<fl °«f sl-fc* 3 ^ 4^ 3 #s}ji, 

#7l 42 #4 <3<^H <84$ #7l 41 g ^12 #^£- 44 #4 ^11 U ^12 713- aU^o} Zj- 3,4 7)4*3 

#<HI °JS.% 4"S-§- ^4£4 =g#s).4nv #71 *112 #4 <8«H -a^i-ev #71 43 ^Mrfr ^SI'H #71 *)13 

71^ DflSll2l 7l^«tl Et§l-Xl ^rji, 

5Et>, #7] 7fl3 <S^<H1 <a^«- #71 41 ##^r #71 7)]1 71^. qflSfla) ^fi. 7l^ ^l o££# 3^^. tg 

^#SW&, #71 7)13 #^ <g<M6|l o]A>^. #71 7112 #^4- #71 7)12 7]^ ofl^S] 7 ]S-^ ^dfl 

'tfStV 4^-^ ^fe #7) 7113 ^^oll <Q*}Q #7) 7il3 #^ ^S|<H #71 7fl3 7}^ 

44S] JgJi 71^.^011 £^^1 ^-^51* S-^j o. s ^ 

^T 1 * 120. 

TllllWl sa°1-H. #71 7112 £ *S3 #«1- ^^°11 #71 7fl3 #71 7113 #^iL 71^ Dfl^^ ^ a 

71-1^1 SL^x) ^^91^%^ ^tf-l- 4fe #^H1 ol-8-Slfe s-^^-S #^ 4i4. 

^T 1 ^ 121. 

^Il20#°tl 5a<H-H, #71 *W ^r^* #71 #31- ^42) #°1) 4# 4&* ^Elo] 51 A fi^io s g). fe 

#^ ^7f. 

^T 3 -*^ 122. 



4#(X 1)2) afll #«^S.-¥-E^ Till %4?£ ol-g-syo} 41 ^ 7l# ^-^(tl)# 5m Till #^£L 71^ ofl^oll tfl$ 
^§i2l 7fl^i ^/SEfe sjS}JZ, 4#(X 2)(X 1 < X 2)2) 7112 #€ ^.S-f-E] fij Til 2 ol-g-SH »|2 HA 7l 

4 ^(t2 ^ tl)» Sfe 7l|2 71^ Dfl^ol] tflt> ^^.2) 5J/£ir 7]^# sjsfn, B].#(X 3)(X 2 < X 3) 

21 *|3 #€^^-£121 71)3 «l-§-§H ^)13 HJ: 7)4 ^^( t 3 > t2)» 4fe 7113 71 -a nfl^ofl tfleV 

2) Tfl^S ^/SEfe- 7l^# fl«m f £ eV #71 Till #^a. 713- vfl*l #7l J7fl 3 #>g^ 7^ 444 ^ ^S-S) 7flA^ 

71^0)1 cflSB ^f-21 t||« ^Sl- ol-g-3).^ #3j<y #^l-g- #4^ ^H°1, 



#71 #^ 4l7)-2l «84 #^ ^#O.S^ 21 A# ^4 SHIS Till #4f 7H2 #^ 7113 ## 

2) ^^21 37fl2l #^ O.S ftlfrfc ^-f°)l, #7) 4 #^ <S^0fl ^A>tb ##°1 -fSl-Sfe #7] #^ ^2) <S^^" 

44 #^ e#i>.5.-¥-E| 2)## ^ svsus Till #«}• 7112 *«h <g^, 7113 %n ^^ole)- f# nfl, 
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#4 4l #* «89H °tl4* #7l 4l 4*1 43 #4^ AA #7) 4l ifl*l *f|3 Ji 7|S. 444 4 ^Ji 7l^«fl 
#4 4^* 441" W2, 

a*. #7l 42 #* 444 <QA}*± 44 41 S 42 #^r£ 44 #4 41 4 42 #3SL 44" 444 4 ^ 7is.^ 
#4 <&£* 44-& ^4^5^- ^S^oV, 44 ^ <gt£jo]] oj A] . t v ^ 3 3.4^ ^444 44 43 4^ 
71 S. 440] 71^4 

£*, #71 43 4* "34* #7) 4l 44-fr #4 41 #$SL 44 4421 3£L 444 #4 0 <f£* 44-1- S 
4#4-44. #7l 43 4* 444 SJ4* #4 42 9 43 44€: *44 41344 44 44 42 5 43 4 

4iL 71-3. 4421 ^M. 4^44 £444 5i -I- O.S Sfrfc 44 i-4. 

^T^J- 123. 

4122*4 444, 42 4 43 44 «8«H 44* #71 43 #44 4444 #4 43 *^lt 44 440] ^ 7) s 
44 £4:44 &sl^ sffe * A H, #7l 43 4* $34 ■94* #71 42 44^1 4444 #7] 42 43SL 44 4 
42I $2. 7]s.^4 £444 &514 t #^ *l-4 ^41 5fe 444 #44 °l-g-4fe 4-1- 4fe # 

4^4. 

31 ^ i24. 

4123*4 SU*H-H; #7l 44 44: =r4£ #7l 44 ^44 4*4 #4 44€ 4# l^o] 41- 4-4J2..S. 4fe 
4* 

^It 1 * 125. 

4118*, 4ii9# £fe 4i22#4 SU*H-M. #7l 4* ±*fe #7l 41 4-§- 44 o.s 4-fe 44 ^4. 
126. 

4il8*, 4119* 4122*4 444, #7l 4* i^fe #71 41 424 44 Da><B4W 44=1 jg-g. 440. 
s. 4fe ** ^4. 

^^i 1 * 127. 

4126*4 &44, #71 4* 4:4fe #4 41- 424 <a47V 44 4^4^ 41 44-°-^. *fe #* 
^T 1 * 128. 

4118*. 4119* £^ 4122*4 &44, #4 4l 4-8-44 #7l 4l 4^ 444 4$ ^j±2] 44 
4* 44 #4 41- ?1S4 4i^4 #^ 4^1- NAl, 

#4 42 4-8-44 #4 42 <4)ji 4^ 444 4*v ^jisj 44 ^/se^ 4^-i- 4* 44 #4 41 42:4 
^^4 ^ 4^1- NA2(NA2 < NAl), 

#4 43 4-8-44 #4 43 #^ri 4^ 444 4* 4^8 ^/afe 4^-i- 4* 44 #4 41 42:4 
^4 ## 4^» NA344 * 4, 

4-S- 4 -t- 4^4 4 53 # ^-^^s. 4fe #* ^7f. 

NA2 = N2 • SIN6 2 
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NA3 = N3 • SING 3 

*, 

SIN0 2 : *7l 42 *4 f\ *4 42 #4 $44 4^fl-§- * 4* *tf4 *4 4* 4^ 4^4 °-S.-?-Ei2l 4^-§- 
71 fO£ 44 #3 $ #44 0 2 (deg) 4 * 4 *1 °J ^ 4 

SIN6 3 : *7l 43 *4 f , A o v 7) 4l #4 <344 3^4-1: *44. *44 $7] 4# 42- 4*4-°-^ fM4 #^-§. 
7l§o.S 44 #^4 ^44 e 3(deg)4 *444 33 

N2 : *4 4# $2.4 4-1= av 7 i sj.^. (x 2 ) ofl &44ej ^-§- 

N3 : *7| cH# ifias] 44 ^.^e] #7l s^ (x 3)0 )| #444 

129. 

4 128*4 &44, *4 4i Lfl*] 43 44 $4 34s. 17 flsl 44 <g44xr £44*84 jt^aj ^o S o)fo]A| 

si* ^44 ^-ir 44°~s. 4fe ** ±*i 

3^*130. 

4 129*4 &44, $7} 4i *4 $44 ^44 *7| 4* ^4 44 41 *4°l 0 d44 4-?-4 444fe- *4 41 
44°1 S|$* f>, ajufls] S)*44-§- 4£r 3**4 SI* 44 s * nil. 

-8-71 4i *4 <944 *§44 *7l a|* ^24 44 42 *4°) °=)44 3-9-4 444^ *4 42 *44-si*4 
a]nfl4 S]**4# 4fe S]*44 Sj* 4t1" ni24 «* "J. 44 4* 444?lfe 5i4 * 3-2.3. 4fe 44 dL4. 

I nil I > | nl2 I (4, ife 1 Efe- 2 f£fe 3) 

3^* 131. 

4130*4 444, *4 4i *4 444 ^44 #7] 34 ^4 *4 41 440] «y^>tb 3-9-4 *44fe *4 41 

44s] S|*4 3)421 SI**** S|*44 S|* *KH nil. 

*4 4i *4 444 $43 *4 Sl* 42:4 44 43 *44 444 fl-f 4 *44fe *4 42 *44 si** *, 
343 5)***§- 5fe 31**4 si* ni3°14 SS-g- 4, 44 4* *444fe 3-1- 4* -2-3. 4fe 44 ^4. 

I nil I > I ni3 I (*, Itt 1 Ett 2 Efe- 3) 
Sin 1 * 132. 

4129*4 &44, *7l 42 ^ 43 ** «8^4fe 44 -S-^€^°J *«r4 ^J^s °l^-44fe si^ ^-37}- ^^s)a, 

*7l 42 ** «S44 A J-7) si* ^24 ^-7] 41 oja>^ ^4-4 *7] 41 ^#4 s]^^- ^, 

3421 Sl*#i£-§- ^**4 ^* 4^r» n21, 

A j-7l 43 *4 <844 ^7} s]* ^-24 *7l 41 *^°1 °J4* ^ -f4 lH)4fe *4 41 *^3 4^^- ^ ( 
alcfls] Sl*^^-i- ^ 4**4 si* 4^r» n3l<>14 4. 4~§- 4* *^ A l7lfe 4fe *4 4i4. 

I n31 I > I n21 | 
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133. 

*I1132%M) 5U^H, ^7} Xl2 S^H ^71 5)^ #7l ^(n21)Sf *#(X B2)±SL 2W$S\ 

3, #7l XI 3 *8^€ 3^ #7l $3 *K-(n31)2f *#(X B3)°..S. aW^H 4* *1 

-§• *^l?lfe §^ W i7K 

X B2 * X B3 

134. 

*|1291H Si^H, 4-g- ±1-8: ***l7lfe 5J* *^-sL sfe s)=g £7h 
380 nm < X 1 < 420 ran 
630 ran < X 2 < 670 ran 
760 nm < X 3 < 800 nm 
31 135. 



*#(X 1)2) ^1 xh ol^-sH 4l Jii 71* ^(tl)» 5^ #3SL 71* °1|XH1 tflfc 

Xl^j 7l*§- sJ^H, 4#(\ 2) (X 1 < X 2)^1 Xl2 ♦fliS^Sj X)2 #^-§- 0 l-g-§H 42 iLS. 7} 

* ^^l(t2 > tl)# £fe 42 71* D flxH 4| $ ^jis] x)^j o)/c£^ 71** sjSU, 4#(X 3)(X 2 < X 3) 

Si X13 *«o.S-?-Elfil XI 3 <WH 7J3 7l* T^l(t3 > t2)» 43 #^24 7l* XW1 cfl 324 

2) XH ^/£Efe 7l*-§- Sj5>JI, 5£t> #7] X]l #3*4 71* n]|X] 01*1 #71 Xl3 *^J± 71* nHSflofl cfl*! ^JiS) XW 
?!/H*r 7l*oll cflgfl ^-f al cfll- ^31- o|^.*].fe tf*^ #*1<>H, *Ul8tf, ^]U9^, iE^r Xll22#°H 7l?M 
^7>1- ^1$ ?}■§- *^3^S Sfe #3)<a 



^T 1 ^- 136. 

*135*<fl 7|X1« #«><S #*lf- lM|«- 3j-§- *^2lS 3^ -g-^ ^^21 71* #*| -g-^ $ 

#21 XH #*1. 

^T 1 * 137. 



4#(X 1)2] Xll #^^S^£l ##-g- ol-g-^o) Xll SL£ 71* ^^l(tl)# £fe XU 71* DflSDoll cliev ^Ji 

21 XH ^/SE^ 71*1- S JSU, *#(X 2)(X 1 < X 2)21 Xl2 *«A£^-6|fl| ^2 SLS 7l* 

t2 > tl)# ^fe 7112 7)* nflsflo)) cfl^V ^^.S) XI ^9 7l*# *JS}J2, *#(X 3) (X 2 < X 3)21 Xl3 * 

^AS^sl ol-g-SM 43 2-3- 71* ^-^)(t3 > t2)» $^ 43 7)* ^4°\] tfleV ^^o] xl^j 

*r 7l*g- sjSKr %^ 



#71 ^Slfe- #71 Xll 34 71* ofl^l ^ v 7l X13 71* DflsHoil cfltb ^a.2) 7)1^ *>/SEfe 7l*oll 

#71 #*lfe #71 XI 1 01*1 ^13 ^^.S-¥-Ei°l 4 #^oi s.^- f-sl-Sfe ^-f 21 #s f>°U all^l^ #71 

Tin 7l* ^^11 01*1 43 iLJ: 7l* ^21 7I015H i^§}7l ^ev 7 1* 
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#7l 71* =r#£ #4! ^2) oj^^fe. fi|g ^£1- ^ 33 #q ±Z\o)vl f # 7 ] $g 

T^aofl #71 *fll ^AS^Sl 4#(\ 1)21 afll #^o| oj^eV ^ 0.0II ^3S>fe #71 4l 33# $tii\S\ 

2l^#^# £fe S)3#2l 3)3 *KHI nl, #71 2)3 ^£°ll #71 ^12 %Q°.3.*f-B]2) 4#(\ 2)21 AZ #^°1 
t> 3-f<*H iMlSHr #71 7))2 #^2) S)3# f>, s|0l2l 5)^^^- £fe 2)3#2l s)3 *f*M- n 2, #7l 5)3 ^2°11 
#71 *fl3 #^0.5.^21 3l#(\ 3)21 *113 ##°1 ojA>*V ^ o-ofl iHJSRr #-71 7413 #^2} f^, 2^21 313# 

s)3#2] s|3 ^f - n 3°l5+ t nfl, 



I nl I > I n2 | 

I nl | > | n3 | 

-§: -jHWlrr ^H, 

#71 Sl#(A 1)2) #^o)l 21811 #71 *)ll #^£L 71-^ Dfl^oll jflAl) 7l^ SjSHr cfl 3.2.*! #7l t|)« 

i^2) #^ 7fl^f- NA1, #71 4#(X 2)21 ^6(| o^Sfl #71 *))2 ##J± 71S- dB^oII jjjg ^ /£ c^ 7 )S^. 
0] a o V 7 ] c^o. ^2:21 ^^21 #a 7 fl^# NA2, #71 4#(X 3)21 ##o)l S|SH #71 *ll3 #^a. 71^- D fl^o)l 

*H 7is.# sjgfe el) 3.S.3- #71 ?1S21 ^^21 7fl t 1 ^* NA3°lel- fn|, 



#71 Cfll- 312:^ #71 »|1 #^21 nl^V S]3#-§- #7l A] 1 *^J± 7^ nfl *)| a)] ufl £ ^^.2] 7 fl^ 7 ]SL-&. aJSj. 

71 2)S|1, #71 7fl^(NAl) MHH 4^*- ^^-51"£^ #7) M]l #^^. 71^. ufl^S] ^ 7 ]s^ #o|| 33.3. 

<T 5(1 Jl. #71 *)12 #^21 n 2^ 33#-fr #7l 42 #^J£ 7)^ o^o)) ufl$ ^^.21 ^ Sl/Hfe 7l^-g- *Jsl-7l 2)S11, 
#71 7fl^(NA2) *4HH <8=J£$ #71 *)l2 ##£L 71-a v%x\}o) 7)^T& #<*!] *J#t T Si^I, 

#71 ^13 #^2) n3 ^ 2)^#-|- #71 Tib %%2. 7m ofl^oil rflel ^jisj 71)^,9 7 )s-# sJsM 2lsfl t #7l 7fl 

^(NA3) M1<^1^ °jr&^ 4>S-§- ^^§1E^ #7l ^3 #^^. 7l^ u^^s\ 7 ]s^ ^.^ ^ o)fe 7j^- s. 

# sHr #^1^ #^1. 



138. 

*)H37#°1| SXW, #71 S)^ ^E7> 4#(X B), #71 51^ ^(nl)S ^l^SlSlol q^. nj.a Al7 ] 

f ^IS. SHr #^1. 

300 nm < \ B < 500 nm 

139. 

^1137#°)1 5a<^^ ( #71 43 ^7j- s|-#(\ B), #71 33 ^(nl)S. s)^^^ Slfe -§- A Hl, ^ il# °V#Al7) 
fe5Jl-^#o.SSfe #^<g #^1. 

380 nm < X 1 < 420 nm 

630 nm < X 2 < 670 nm 

760 nm < X 3 < 800 . nm 
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340 nm < K B < 440 nm 

I nl I = 2 

I n2 I = 1 

I n3 I =1 
^^D- 140. 

*lll39*cHl SloH, 4£ -L^N?]^ a^jos tfe 
350 nm < \ B < 420 nm 
141. 

?!-§- **|<a 
380 nm < k 1 < 420 nm 
630 nm < k 2 < 670 nm 
760 nm < k 3 < 800 nm 
400 nm < k B < 430 nm 

I nl | =6 

I n2 I =4 

I n3 | =3 
^T 1 ^- 142. 

*I|14HHI 5U°W, 4* 53* ^ 

405 nm < k B < 425 nm 
^T^J 143. 

^1137^-011 &<>H, S)^ sH8"(X B), #71 S)^ *H*(nl)£ 4*1 4-3 <H -g-Xlofl, i}-g- ^ 

380 nm < k 1 < 420 nm 
630 nm < k 2 < 670 nm 
760 nm < k 3 < 800 nm 
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390 nm < X B < 420 ran 
I nl I =8 
I n2 I =5 
I n3 I =4 
144. 

4143%H1 Sl^H. t}-g- nV^Al?]^ 53-g- f^jo s sj-^r *^«a 
395 ran < X B < 415 nm 
41 t 1 * 145. 

^1137*^1 &<>W, ^71 tfil- ^Sfe cfll- ^ISolu), A o V 7 ] fll-j. ^o] ^ oj^Aoll ^71 Sft ^ 

146. 

*H145*J-°11 91°W, s)^ ^^fe *8<3 ^Hl ^ °-iiL Sfe 3*1. 

^ T 1 ^* 147. 

*11145%H1 A o v 7| 5)^ TZSr ^ofl s-^j xv^ 

148. 

*lli45*°l) 5Wi %n ^7} tt% =H J=a!3 53* 9r$SL3. %q 

^T 1 ^" 149. 

*Hi37%Ml 5U<>M, -SM 3)^ tfl# ifflsfil- <a^ls a, #7] 33 a o v 7) cfl# ^asj # 

^ <a^sl i7flfil ?!-§- SFfe #«><a 

3?$- 150. 

^11137^ sa<H-H. $2? 7fl^(NAl vfl^l NA3)*r, 
NA1 > NA2 > NA3 

#7] tfl^l *«OiJf.B|al ^ #4*0] -f -g-f-2] #s f*u afl^l^ NA1 

4 NA22f NA3S] A]^: =r## 5fe 5l# ^JLiS. #51 <S 

41^151. 
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*ni5otN sa<H^ ( #71 *os ^£ %7\ <as<4 °i%}7\ s]<h ^-sm s-^as. svfe 
#*1. 

#^*<j- 152. 



TfllSO^Hl stt^. #7l 4$ =r^ #7) 71* f-^sf sl3 ^21- §-^t> 33 ^ ^Hb], cH# «a 

21 #71 ## 7B^(NA2 M]*l NAlH «cH-§-Br>fe- #71 7fl^- tRV ^#2) <g«-g- f-^tb #7l 2|-#(X 2)21 #^-fr # 

71 ^12 7m afl^el 71^ Aj-?};*| E^fe- ^-Alofl, A o V 7 ) 43.^ 2) fij ,£ 7 ] a^ 7fl^(NAl) 

^H1 A 1 #71 M}2 %?&SL 71^ fj^sl 71^^ ^ ojo^ 4^ ^\ 7 \ 0.07 X 2iL>} ^ #6flo] s-^'is §1- 

#3^ #*1. 



^11-153. 

*H152#°11 &»H, 4#(X 2)21 #71 7fl^(NAl) i-IHH #71 42 Jg-^fl. 7]3- nfl^S] ;gj£ 7 )-|Lol Aj- 

°il &<>H 4^ t^M- o.20 x 2^.4 ^Efloi 3.^o_s. ty^ %q<$ 

^^^-154. 

^1152#°11 5a<>H. #71 n)]f- 3I22] AV 7 j aj-^ 7 fl^(NA3 tfl*l NA1)°11 t)l-g-*Rr #7l 7fl^- ^]«V ^#2) <3<*-§; -f 

4t> #71 ^#(X 3)21 -#71 ^13 #^JiL 7^ °H312] ^j£L 7m^ •g-A)ol) j Aj. 7 ) 3}.*}-^ 3) oj 

#71 ## 7l)^4 1 (NAl) vfl°)W #71 *]3 #^.5L 7)S. nU^s) 7)-!^ #0)] flo^ 4^ ^Y?} 0.07 X 

3^ ^ #Efl«y 3# ^^'^.s §m #^>g #*i. 

155. 

7fll54#41 5a»H, #71 4#(X 3)21 #7] #^ 7fl^(NAl) MHW #71 7fl3 7m ofl^sl ?m 

■a #°ii sa<>H 4^ 0.20 x 3^4 €■ #eii°] ?m §m #*i. 

156. 

Afil50#°)l &©W, #71 7im »]t> ^71 c)l# 312:21 ^7} 7 fl^(NA2 vfl*l NA1)°)1 cfl-g-sl-fe #71 71)^ 

^21 <g^ofl <yAm^ ^V7l 4#(X 2)21 5V^H, #71 cfll- 3I22I #7] ## 7fl^^(NA2 vfl^l NA 

1H 'fl-t-Sm #71 7fl^ 4tt ^21 <g^o)l ojAl-Slfe #71 4#(X 2)21 ^-#ol ^-71 7fl2 ##iL ?m °fl^|2l ^jiL 

7m^ #4*1 s^sw ^ss. §^ 5j 0l 7 mt!r x^-mio.s. §m #^<a 

^n 1 ^- 157. 

^11156%H1 S1<>1^, #71 7im #71 nfll- 31S21 ^"71 ^ 7fl^(NA2 ^fl^l NA1)°11 cfl-g-sfe Aj- 7 | 7fl ^L 

^l* ^2) <^^o)l -^Al-sm 2)"#(X 1)21 f-sj-sm #71 tfl# 31^21 #7) #^ 7fl^^(NA2 vfl^l N 

AlH tfl-§-*m #71 7fl^ *11«LV ^2) ^^°)1 4#(X 2)21 #4pg- A^sm 4# ^l«i#^r Sfe ^-^1 

as §m #^-9 #^1. 

158. 

7lll50#^ Si^^i #71 7fl^ ^fltb #71 cfl# 31221 Aj. 7 ) ^m 7fl^(NA3 tfl^] NA1)<^1 ^-g-sj-fe ^7] 7 fl^ 

^21 <^^o)| <y A ^].^ Aj. 7 ] 4^- (x 3)21 A> 7 ] tlft^r 31221 ^V 7 ) Aj-^ 7 fl^^( NA3 ^} NA 

1)^1 tfl-s-si-fe- #71 71m ^21 <^^oii «aA>sj.fe ># 7 i 4^ (x 3)21 ^ 7 i ^13 #^ga. ?m °ii^i2i ^ 
7m^ #4^1 h^^i §m 5i o i 7m* 51* ^-^ ±2. ^ #^<a #^1. 
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^T 1 ^ 159. 

*(15MH SH*!, W 7i9 *flt> t** #7l nfl# ifflse) #7] a o v^ 7 fl^(NA3 NA1)°)1 cfl-§-SHr -4M 7fl^ 
*r*2l <g^o|] ^Wcr *#(X 1)2] #3* if-mSr $7] nfl# 3]2:2) #7l ## 7fl^(NA3 vfl*l N 

aih tfl-g-si-fe- -*7i *i« ^i&fi] «8^6ii ■a^sffe 4#(x 3)2) #^-§- ^5}^ 4^ -a^-i- 51* ^ 

-^T 1 ^ 160. 

*(l'56SM 5U<^, #7] 7fl^- 7l]*V ^71 rfll- ^]^s) ^-«na A>o|] sg#s} 4# ^o] jj^. a^o.s 

^T 1 ^ 161. 



2] 7H ^ 7)^-§- fl«Hi, *#(\ 2)(X < X 2)21 Til 2 *«iS^iJ #4r-g- o)^sH t)12 J5LJ: 7l* *M(t 

2 > tl)» Sfe *H2 #^fi 7|* ofl^flofl 01^. ^^.sl *H ^/SEfe 7is.# sjsl-ll, *#(\ 3) (X 2 < X 3)21 7fl3 % 
Q<L3.if-B]s) #^-§- o)$.z}d\ 7fl3 2.2. 71* *f*ll(t3 > t2)» *\)3 7]^ nj^ofl tq$ ^jia] 44 ^ /£E 



^7} 71)1 71-3- Cfl*| q)^l #7l *|]3 tf^jji 71 S. OH ^1 Ofl tf|$ 7fl^ ^/SE^r 7l^«1| cflSfl 17fl<i] 

S T^Slfe ■?■» 21 OH- Ol^n, 

-?M Till J±Jr 7l* lfl*] *113 2.3L 71* f-^31 ^ofl 71*1*^ ^SlSfe =r*l-& J^SM 21* 7l* ^Tfl^ 

^T 1 ^ 162. 

7fll61#°ti $a°l^, ^7\ A\\ #* ifl*l ^3 ^«.S-¥-Elfil 2J- ^o] -f Ifsj-^ ^JfS) tS<H ^"71 71* 

163. 

7| 161*«1| Sa<H^, A J-7l 71*^^1^ ^ ^71 ^12 ^« ^ #71 ^13 ^O.S^£l Z)- ^o] f-45]. 

2, £* ^71 71H #^0. jg.^M=l2l %^ -f #£<fl Ufl^lSlfe 51* Slfe #Sj<3 ^1. 

^T 1 ^ 164. 

711161%H1 &<>W, -^71 71* li^g ^*8r ^71 7112 ^^S^fil %^o\ f^H, SEtV ^fll *^ 

^ ^71 7)]3 *«o.s.-¥-Eisl -f ^1^1 f^fe *a«H afl^l* Tin 71*^*). Ji^ t*4, ^71 71)3 Mis^- 

E-|S1 ^*o] £t> #71 Till #31 35 # 7 i *,] 2 ^o.s^Sl -fsl-s^l #3.0)1 Hfl^l* »12 71 

* iL^g ^*^.S. ^jHlfe- 51* ^il-sL §m #^"3 ^1. 

165. 



^1161*oll 5fl^. #71 Till %%2. 7)*k ifl7l #71 7113 %%2. 71^ °flfll°ll cfl* 3iL2l Tfl^l ^/Sfe- 7l^# *J 
Slfe 4 #7l tfl§ ^12,21 ^ 7Wt* AA NA1, NA2, NA3ol3l- uj|, #7l *)ll #«s) *#(\ 
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1), -JM ^12 4#(X 2), $7} »|3 4#(X 3), *7l »|1 0L3L 7}% ^(tl) ( A oM ^2 Jii 7)# *M 

(t2), *7l *I13 Jii 7]* ^l(t3) £ $7) i^sl 7 fl^(NAl, NA2, NA3)7> t}-g- 

350 nm < X 1 < 550 nm 
600 nra < X 2 < 700 nra 
700 nra < X 3 < 850 nra 
0.0 mm < tl < 0.3 mm 
0.5 ram < t2 < 0.7 mm 
1.0 mm < t3 < 1.3 mm 
0.99 > NA1 > 0.80 
0.80 > NA2 > 0.55 
0.55 > NA3 > 0.40 
166. 

all 165*41 &<>H, ^7] tfl# a o v 7 ) x) d\] <&o]^9} 3.% 7^^1-1 fi(nun) f ^ ^* d(mm), *7l tH# 

* fl*Kr aj-7] tfll- ig^sq ^ 7] Ell- fB3(mm)olS} nfl, q~g- a]* oV^a]^ ^ ^-^S *Br ^ 

<3 #*|. 

0.7 < d/fl < 1.5 
2.8 < 4> 1 < 5.8 
fB3 > 0.2 

^1165%H1 9l°]*\, #7] Z\}3 *^Ji 7l^ ofl^ojl tfl$ ^ ^ /5 c-. ^7} ^ &2l$H ^ 

afltt m3<>l^ trfl, ^ a]^ n>^Al7l^ 3# ^SLZL *fe 

- 1 < m3 < 0 

168. 

*ill65%Hl 5U<>H, av 7] ^ 2 Ji 71^- cfltb 7flAj 7 ]^ ;g o_o} q 7] ^ ^, asl ^ 

- 1 < m2 < 0 
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169. 

*Hl61%Ml 9X°]*], #7] rfll- ^12.^. ?$g_5L Sj-fe- #*1. 

170. 

>ai61*°fl &<>H, #7l cH* ^afe ^-^ >HS3. 5J^-s.^o. s & ^ #s}<>] ^ 

^n 3 -^ 171. 

*11161#°ll &<>H, #7] 7]#^-*!l*)-iL;g t-'S* §4J€^^1 ^-tsl ^iiS olf-o^lfer $3 ^^71- 1 
7flS] S)^^^ SjI, #7] SM «gA].«|.fe. #^2) Sj-xj-ol 7 J wJ-^CLS. gS|-# 4?*M- J±*j *f-*r * 

&m\xr ?g <r*\ #3 o. s ^<>j 

172. 

*)ll7l%M) Sl^^, a o V 7 | ^ q]^ ^2,2] 3*1=. 17l)S] #°H *3-2-3. 

#*1. 

173. 

31 ^Al^-g- ^SH^ *T SUtt 17fl3j 7}--§- ib^l-Sq., AJ. 7 | 7j.^. ^--5). jg.^ ^o]A]7l 

71 -?-§- ttf* -?«l*l-*r 5!# -^J5~sL #«<?j #*|. 
174. 

*Hl61#°ll &<>H, #7l 7]# iL*j ^uj-o- ^o] E l7 Hfi) ^g-g. g-i 7}#-$5.$& ^-j, ^ s - ^ £1=. 

1* °J7>^S-«1 #7| ^g-§; 7]-^ 7flS.#2) ^-§- g-il- «gSH?|fe i^fif, #7)1 ££^ 

3?$}- 175. 



afliei'lN sa<H-H. #7i *ji 71^- o)xh %ns\ 4^ gj/sEfe 7 iih§- sjsRr 3-f ^ ^ Hfl 

ml. #7) *fl2 7}^ Dfl^ofl ^^.o, ^ /£E ^ 7)3.^. S J Sfe ^o.^ ^.7] ^) S2l Hfl ^ m2j 

#71 7fl3 71^ oflsfloil %H2) 4*8 71^ 3 o.si ^>7i ^ ufl^ ^ojaj. 5(1^ 

nil, #71 m l, m 2, m3 f 1 2j<H^ 27fl2l 1# Hfl^^ ^ ^5.^1, #7l »)l 7l# ^^1 ^} 43 SJL 7) 

# ^s] ^Hl 7l?isi.^ ^ng ^svi- ri^gi-^. s-^io.^ ^ 



^T 1 ^ 176. 

^1161^H1 $1°]^, #7) Tin fl-^a. 71^. D ^^6\] r%i& %&3) 4s§ 7]^. cfl #7) cH# sfi^ 

4,^21 7fl^(NAl)7l- 0.8 ol^l^, 

#71 Till 7l# T-^l 43 SLJl 71^- ^, ^>7l >0l JiA 7m ^^11- IMc I7fl2l liJl 7l# ^• 

^|el 7}°)*}e<\ ^t}^ ^ *r*M- M^§i-7i 71^- f-^| ^.SV a.^ aj^s. a o v 7 ] ^o.5.»-e-1 

21 %^0] f-uZj-S}^ ^-S f>°fl -B-^l^S. Sl-fe #«}<S #51. 
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177. 

»1176^1 4<>H. $7] 41 714 oNfe %H 7l4^"§- 44 ?2:# 5J-H, 

#71 ^ll <-^Ji 714 nfl^S] 442] ^ji 7l^#2l 7l44°fl 1 *«*.S^-E|Sl 44"§- 34*1^ nflolj, 4 

71 ^11 44«£ 7]* ofl^flSl 44 ojA].^ Z]-Z]-2) 71*^^1 fij i£Jr 7 |£ JjL^o) ^o,] 4440! 444 

4 4$ *r4« 4?1 7)4 ^ £4 a. 3 ^^.s. s.^44 34 #^1 O.S 44 443 . 
*j4*J" 178. 

^1176%H1 4<>H. #7] ^1 M)4 ^13 ^AS^Eie) 4 440) a ^ 4*1-44 ^-i-s) 4^1 44 7 )4 

4#-§- ^sls, 44 44$ 44. 

*J4^179. 

*|1761HI 91°)*], #7] a|i 44 3J 471 ^12 44-°-£ J fE) s) 4 440] -§444 44 ^13 %Q°.3.*f- 

6|s| ^,g. 4444 $i=. ^-so)] ^7) 7)4 4*11 £4 J43 4<S4 «fl*14 Si* 44 44"?} 

3 ¥$-180. 

^1176%H| 5U<H^ ( A o V 7l a|i ^o.S-¥-E^ 44 D J-°1 -f 4S>J2, £E£ #7) ^ 2 ^ rJ aV 7 ) ^3 4^.0.^44 4 
4£ 44*M &4 4S°H # 7 ) 7 )# 30. O.^ ^ Aj.*| 

*j4^181. 

1764<*H ^i<H^1, A cM 7l# 2f-7fl £LX} SL^ ^±S. 4°14°-3-*l, A 0 V 7 | c)) o. ^ So)) OJ^s).^. a o v 

71 4#(X 1) tb^l ^-Jl ^44* 44 A 14 4 Sftfe- I7))s] 7Vf- 4^)- i^, 4?1 4g. 44 

44 ^o)4 7 i 7 ) 44 44 444 4"1^4 24 43 jls 44 4^ 4*1. 

3^*9- 182. 

^11181^1 44 A i #71 7l# ^^1 5.4 a.^ ai^t 4 7 ) 44o.s«.Eisi «h> 4^4 4^4^: ^4^71 

71 711-^ ^laoH, 471 ?ll-^ sfis* ^4fe 4^ ^4 *M5i i7l) 7f 471 7f^- 44 ^40] 4^0. 
S4fe 

^^D-183. 

^U8i4°ll ^^4, 471 714^^1 Wfi^ =r4* 171)2) ^^54 I7fl2) f?!25£i ^44^, 
mm t|)4 4«j 4^o.sl4 a).#4 ^ Xife « <q*m a J ^^7)ol4, #7] 

53 471 ^-^5 aWS. I7fl2i iffls^ol 47I 7>* 44 5!# 4^°-^ 4fe 4^3 4*1. 

^^^■184. 

7fli76%H] S1<H4 > 4 7 i 7 ]4 5.4 H4 17-fl §i 7)-^ 7fla^# 4n, ^i^ SEfe 44 

SE^r 47>4-5-S4 471 -g-i 7>^ Tfla^fi) ^-44 *a» ^44?lfe #4i- g-i 7>4 ^7>4, 44 se 
^ 7}4 44 47f47l flft 47> ^44 4^1*^ 5J4 4^ 4^ 4*1. 

^^D- 185. 
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*fll84#°ll fl°H. #7l 71* SL7.} *\2. <WKr Afolofl igz} oij^*^ ^.g. jp. 

amil, ^71 f-tg ^ 17fl2l f-<g ^-^21 °)7}lf-3. £tSH #7] ^2) °)7}lf- ^ *o] 

£ 171121 o}7}^-6{} #7) ^^lo)| 21311 ^S] £oj^. o] 7 ]-til-5L'K] , #7l °Jj^2l ^g-§- ^^A]^ ^ oj 

3# SVfe #*1. 

^^^186. 

7H|161% Vo fl $}oH. # 7 ] 1)0 ] 550 mn^cl- fn, 

#7l Xll %Q ifl*l ^3 #31 #7| ^111 3<H=. I7l|2l #ajoi c]4,*v 43. £ S H1 y]9l^ #7| 

nll# «aa] ^;<l~t H%Z}7] 2)*!" -^t^ Ji^ ^rtf-fr #7] ^1 1 AS^al ^o) f-2(.Sl^ #3. f>o)] 

a* ##°~?. *ife #^<g #*i. 

3?* 187. 

»ll86#°ll yo)^, #71 *lll 41*1 all 3 *«o.S-¥-Elfi| A #^°1 S.^ -f 4*lfe **S| ^-aofl # 7 | aJ)^). 3.3 
=r#-§- HA *1 § S # s}^ ^ <a #*1. 

188. 

^1186%H) 5fl°W, #7l A\ #* ^ #71 »|2 *«^S^-E|S1 ##o] f.A)o|| f- il-SVn, SE$ #7] »| 3 *fles^S|' 
2] #^r£ -f 4s}^l Sfe #£.°11 #7) J*3 T'cMr «ll*l$ 31* ^-O-S. sffe #*1. 

189. 

all 187*41 «©W, #7l qtt$L% t-^-fr f-41^^21 ^21 olf-ol^lfe S]^ ^27> sg-^ sl^-g; £^ 

271121 ^ 4iX>7V Aj-71 5)^<3# A-lS nll^SfSS e^§H Bfl^ ^Jl, #7l 27fl2) #«J- i^2l 7flS±r #7] 

4#(X 1) e^Sl ^2| ^^-frSH- 5Hr **H, Aj. 7 ) 271121 ^ ±7,} $3.91 W ^%{\ 2) 5* 

21 4# S ^#(x 3) e^2) 3)-^- <g^o)iAi2i g^-irsi-71- tflaf os! 51* f^s sfe #*]. 
^T 2 -^- 190. 



^1187^1 5a«H^. #71 -sq^SV Ji^ ^«<§2l a.^21 ^ O.S Ol-^<H^lfe 5)^ ^2:1- ^al, 5)^ ^2 

oil #71 41 %Q<LSL*t-£\S] 4#(X 1)21 >fll ^°1 flA>ft ^-¥-ofl ft^^fe #71 Xll ^21 2)^ £>, *|t|)fi| $ 
^#^* S^ si^#2i S)^ *h-i- nl, #71 51^ ^aoq #71 X12 ^-^AS.^-E-121 4#(X 2)2) X12 #^<^1 °JA>S1 
^■f«1| *-««|* #71 42 #^21 S)^# ^ *|CH21 2)^^* ^ 5)^#2l Sl^ *HM- n 2, #71 2)^ ^2<^1 # 

71 ^13 #^o.S.^2l 4#(\ 3)21 7tf]3 ##°1 <y^?V ^-fcfl #71 ^13 #^21 Sl^# ^, alc)l2l 5l^#^ 

* 2]^#2l Sl^ n3 ol4 ^ 



I nl I > I n2 I 
I nl I > I n2 I > I n3 I 
^T 1 ^ 191. 
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#*1. 

192. 

^186*ofl SMI, ^1 ^"Vo] f-^Sj-il, SE*V #7] % #7l *))3 ^^.5.^1 2] # 

-f 4§H #JL°I1 ^71 ^#-§- a||^*V 3.2. fi^eLS #Sj<S 

^T 1 ^ 193. 

^1182%H1 Si^H, AV 7 | Ajj^^).^^ ^#SL ^-Aj-^0] ^ 0. S Ol-f-Ol^lfe Sl^ ^2:71- 17112) 

Sl^^* $2, % S|$ 21SH ^-71-Slfe 

$ bl = m • (b 2l • hi 2 + b 4l • hi 4 + bg, • hi 6 + ) 

°1 3"f 41 t^jSm #7) 4#(A. 1)2] 5)^^" f' 5|C1121 21^^* 2\*£%9\ S\*£ 5^, 

±S.^]S] ^-ol (mm), b2l ( b4i t b6l ( ... ^ 2 *h 4*. 6*h -21 %S,%\ ^7)1(2) TJl^efjlJE «-)<gi, 
PD = S (-2 • ni • b a ) 

ofl ^2|£l^ 5]^ ^2<£2] 4^(nun-' )7> chg- *!■§■ ?MM*lfe ^j^- ^ o. S sfe 
1.50 x 10 ~ z < PD < 15.0 x 10 " 2 
194. 

*lll92#4) A o V 7l *5-7i\- ^£2. -S-tfl^^S. €• tfcflaj O.S oWI^7f Jf 

AS ^SU, #7l ^^^21 o).^ v dP * Aj- 7 ) J^s^fi] of*))^ v d N°l Cf-S- W^lfe 3# f^lS 

v dP > 55 
v dN < 35 
195. 

*ll 186*4) fl<>H. ^11 ^21 S^o] +1 „ gjj-^j. ;§CL o) AJ-7] cfll- ^^Sf AJ. 7 ) ^3 ^33. ^ 3. 

^7fl2l £3 3*121 fcSHf A fBoBj + ca 7 \ 4# 5J# Sfe *^<a 

I A f^Bj +CA . • NA1 2 I < 0.15 (m) 
196. 

^ii6i%<^i 9X°]^, #7i *m 7i^ nii^i t||^ Aj. 7l 7 )s. 0 fl*iH di^i ^^.ei 7flA^ ^ /£ E^ 7i^-§- »jj 

SV^ ell ^i^. Aj. 7 | cfl^ ^j Sfi1 ^ 7flT t ^# zfzf NA1, NA2, NA3<^le} §S* nfl, 

NA1 > NA2 > NA3 

■I- ^>^1?1j1, #71 NA14 NA24 NA321 7fl^ ^l*V/^«- ^#-g- ^HlSV^ 5i# f^'iS 5>fe ^^1. 
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197. 



»|196^H Si^H. #7l 7fl^ ^£ *H*s] °1^<H^1^ S)^ *W=. 17fl 

2] Sj^^^r #7) J=tfl2 #^iL 7}^ <1*H tf|$ ^a.S) 7lH ^/SE^r 7|S£ ajgj.^ ^ o.^ ^v 7 ) ^ fc2| # 

# 7fl-T l ^(NA2 NA1)°H cfl-§-5Rr #7l 7fl^- ^#2] f-3fs)-^ sf#(\ 2)2] #4p§- f- efl<H ^£ 
AS SVJt, */£E^ #7l ^13 7}^ nflsflol] nfldV 34 7]^# sjsfe ^ofl #7l cfl# 3]22) # 

# 7fl^(NA3 Hl*l NA1)°11 cfl-§-*fe #7) 7fl^ $]&/*AQ t#2] ojo.^. .f-sj-tl-iz. 3)2] ^# Ajg. 

tffe- 5J# s.^ o.^ ^ ^ 



198. 

>11197% l -o11 5U<>H, #7] 711^ XfltV^ nflf- sfl^f. ^^H, o^A^ a o v 7 ) aV^ 7fl^(NAl)2l- #71 ^1 

2 ili 7|# ^^l(t2)2l- #71 ^12 #^2] s)-^-(A 2)42] S^-oll 5U<>H2| 0.07 X 2 rms-SLt} 3J2, ^/SE 

#7) ## 7fl^(NAl)sq- #71 ^13 £13: 71* ^1(13)21- #7] ^3 #*22l 4#(X 3)42] a^fl SZ<H^2l ana 
0.07 K 3 rmsM.'"} €■ ^ ^SLS. sfe #^<^ #*1. 

^ 1^199. 



^1196#°11 SH^I, #71 7^ jQW&lt «r<t*£ #71 ^12 #3JL 71^ °fl»Hl d|$ ^^-21 7fl^ 

#71 tfl£ ^2.2) #-% 7fl^(NA2) cfl-g-S}^ ^-7] 7fl . ? ^#2] <a^°ll «a^>5fe 4#(A. 2) 

21 #71 tHf- 3! 2. 2) Aj-^ 7 fl^(NA2 Ml^l NA1)°)1 ilMr #7l 7lR »]*V^«- ^21 

0 J^1-S>fe 4#(\ 2)21 #4pg- SJ-^Jl, ^/SEfe #71 ^13 #^Ji 71^. qflsflojl cfl*V ^^.2] 7-lH 5J/£Efe 7^ 
# *Js|-£- 3-2-611, #71 Cfll- ^12:21 A^ 7 fl^(NA3) l-Hofl tfl-g-SKr Aj. 7 j yfl^p. ^SV/^ ^rjo] <S«611 ^A}*).^ 

4#(X 3)21 ^3f5}^ f-AH, aj 7) ^ S21 ^ 7flx i r(NA3 ^^1 NA1)°)1 ^-§-S>^ #7l 7fl^ ^1?V/^ 

«■ ^21 cg^o)l ojAfS^ 3)21 #<Sf-§- A^sf^- 4# ^J^^# ^-fr ^-^^.5. sl-fe #51^ #*1. 



^^^200. 



^1199%H1 91<H*\, #71 7fl^- ^lt!-/^§ Aj- 7 j ^2 jg-Tgji 7] s. D |)^oll cfl*}. ^a.S] 7 flAj 7 ]SO. d jg^ 

3-f°iL #71 t||# ^2:2) 7fl^(NA2) #7] 7fl^ 7Ht>/^^ ^#2) ^^ofl ^^fe 4#(X 2) 

21 #<*r #£2) 80 % ol#^r ^-aH), #7l cfl^- ?!^2l ## 7fl^(NA2 vfl^l NA1)^11 nfl-g-Sfe #7) 7)1^ 

^/^l ^^2) <g^o)l ojAl-Sl-fe 4Aj. (X 2)21 ^ # E o} 80 % ojAjo. HVAj-sl-JI, ^J/SEfe #71 ^3 71^ n(| 

tflt> ^^.21 7fl^| 7|^ #71 Cfl# €2:2) #^ 7fl^(NA3) ^^11 ^-§-3^ #7l 7fl^ 

^iliVit ^21 ^^ofl <g/i-§i-^ 3)21 #^ 7^5] 80 % <>1#* f-^si-^ f^H, #7i cfl# ?i^2i ^ 7) | 

^^(NAS i-fl^l NAD^Il tfl-i-sl-^ #71 7fl^- *\m/*4%; ^#S) <§^o)l <QA}^ s%#(x 3)21 ## 7j- £2 ) 8 0 % °1# 
# 4# ^j^^* 51* Sl-fe- #^<a #a]. 



^T 2 -^ 201. 

^1197#°tl 5i<H^, #71 7fl^ ^11*W^ ^#£r a o v 7] cfl^. aj^t l7))e , aj-o)] ^aj^ a^j gj. 

^#^<a #^i. 

^*d-202. 
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3ll96#<>ll fto\*\, #7l 7lR 7*£ ^S. tfltf*>fc A>o]oq Hfl^l^ 1/4 *#*-& 

7«l*Hl, #7l # 3<H=. $ #ol #7l cfll- ## 7 fl^7(NA2 NAlH cfl-g-^fe- <S«4, #7l 

tfl# <ffl22i #4=- 7W^(NA2) MH1 dl-g-sHr oj^s. £83 «H ?vU, -8-71 f-^ ^°)1 ^<a-# ?]7)-sH #?1 <*W 
ifrfi] q$ &z}2\ afl$ $m %W&SLsL £SH 3-2^1, #7l cR# >ffl2.2] ## 7fl^(NA2 tfl^l NA1)«H| tfl-^ 

f-^ #^-21 °3°3-§- f- #^2) £#£4, #7] tH# iffl2.2) #<% ?1177(NA2) lfl«fl tfl-g-^fe #71 
3^21 f^Sfe #<*r2) $#^1- ^ ^fH «S 2)^^171^- 5J°1 7}^t\31, ^/fEfe- #71 f-tg *)=- §> *H 

£ ft #71 cm- ^S2| #& 7fl^(NA3 ifl*l NA1)°11 =H-§-*ffe ^af, #7) cfl# ^21 ## 7fl^(NA3) 

'-JH cfl-§-SRr <83 £t3<>1 ^71 Jf ^i^-ofl ^<a-# °]7l-§H #71 ^^#21 oj)^ £t| ufltg: Aj-EflS ?g 

#6.5. ftSH^ o s #) i #7] c}l# ^aaj ## 7fl^(NA3 tfl*1 NA1)°11 cfl-§-8lfe #7l f-<3 #^-2| °j<*-§- -f^grf 
fe #^2) ^#^4, #71 cH£ sass| #& 7H7^(NA3) MH1 cfl-i-sl-fe #71 ? ^^-21 °Jo^£. f-sfs^. jg^fij £ 
^ S)^Al?l^ 5J0) 7 j.fc$ a* Sfe #3!<3 #51. 



37*203. 



3|196#°fl jfloW. #7) 71 t 1 31?!:/^* <^*£- #7) t||« ^22) 7fl^(NA12l- NA2)°)| tfl-g-eV ££)7fl-& #32, #7) 
31 1 #^J&L 71-3- oJj^| £Efe #71 312 #3i£ 71^. ofl^ofl cfl«V ^^.21 %q ^/5Efe 7lf|. d JSKr ^-2-cll Zj-Zj-fi] 2S J 
7111- 7HH «L£ ^**l-£^ ?#5U, ^/£^r #71 tfl-g- 5ffl2.fi! ## 7fl?^(NAl4 NA3)°11 tfl-g-ft £ 2-1 7)11- 3*3., 
#71 Till #^Ji 71-i* o|X| #71 ^03 ##£L 7lf afl^joll tfl^ ^fi.fi] ^flAj ^ /S c fe 7)^ Sjsffe ^ ^-oj] Zj-Z^ 

SSl7l|l 717)12! AS. ^^st-SLf ^S) 51^. S.^) O.S efe #s)<g #^l. 



3^204. 

^lll96#o)l SX°]^. #7) tUt 1 ^l*V/^§- #71 ^)li #^ iflxl ^3 #^o.SJfEisl Z]- #^o) £ ^ -fafsffe. ^. 

f-2] #Soll m\s\^ Sf^ #^oj #51. 

37*205. 

^1204#°11 tXW, #71 7)1^ ^)l^/#«- #71 Cfll- SQSSj. 2)3171- Sj «H Sai^Jl- 51^- -S-^ilsL 8j-fe # 

#^i. 

37*206. 



*)U61#o)l #71 Cfll- 3}2fe #71 #^ 7«^(NA1)2> #71 7)H JiJr 7]^- 7^1(tl)2f #7l 7)U #^2l 3)-# 

(X 1)21-21 $Xo]*\ *r*\7\ 2\±7} S)£S 2 Aj. 7 | ^2 71 s. ofl^oll cfleV 

8js>fe 3 -foil #7l ^)12 iii 71* 7^1^ #71 7)H iiJl 7)* ^<%2] 5H] 7l?]*H ^^l- 

*r 7^ #71 71* ^MI^V iL^ t'JlS Ji^^fe- f-AHl, #71 *J3 #^£L 7|s. ofl^flofl cflel ^ jLfij ? fl^ ^/ 

£^ 71-ihg- «3Sfe ^-°-o)l ( #7] ^3 US. 71* ^-^21- #71 3U JUL 71* ^^2+2l ^^2j ^ 7 )o)is}d\ ^t}^ 

7^ 7^H- #71 71* a.^ 7*^-5 ^.^sl-fe 3J-I- f^ls sffe #^2j #si. 



37*207. 

7)ll61#o)l $\°)*], #7] 311 #g Ml^l 313 #€ # «|<HS. 271121 #^q^ -fr^^-* 53* f^°S Sfe #^<g #5). 
37* 208. 
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411611N 3l<>\*\, $7\ 7l# ^#4, ^ 7 | 7 |£ ^ ^ # 7 | ^^j. a o v 7] 

^ivis ^ §>, 2?flfe <y^isf^ «^ si-fe #sj«a 

209. 

4ll61%Hl 7l4M #*lf- s^jo s ^ s).av^ 7 |s. ^ Ri /£fe ^ ^ 

tfsl 

210. 

#^.5L 7)3=- Dfl^oll cOSV ^JiS) 7 ]s..g. d j Sf7) ^|o)l oJ<>H, 

411 #^£L 7)S. Dll^oll nfleV ;g t£2] 7]]^ 3l/CE^ 71-^ 4^V( X 1)2 1 #4p-§- 41 1 *«^ f 

412 71^ Dj^oll cfleV 7}]^ */SEfe 7]^ fl«j-7l 4#(X 2)(X 2 > X 1)2) #^-§ KMWfc 4] 
2 #^4. 

413 #^£L 7)^ nflSfloll tfl$ ^JLSI Tfl^ 7] ^ fl*J-7l fl* 4^(X 3) (X 3 > X 2) 21 #^-g- *fl 
3 

AM 4l^2] H--o} fl|a** tt^Sl-fe- 2j^-J2f, 

^71 411 Hl^l 413 =8M 7]S 0^)2] ^a. 7l^o)] A Q V 7l ^ vfl^l ^0.5.^2] ^-g- Zj-2}- *J#Aj?)7l flS)), 
^71 411 ifl*l .413 ^8Ji 71^ Dflaflofl cfl^fe ^jofl Hfi^Sjfe. cflf - T^Wol, 

^71 1)3) #^o| # 7 j f-l^-o.jg.*) ^SfeniSf 2)^^-21 S|^^HM 

-8-71 2H)-(\ i)2] ^ # q-# ojiqg sj^ai s^#a| sj^^iLcfs. s ^o.^ 

A o v 7l 2)21 #^0) # 7 ] fij^Jf« f^JliS.*) «MWfc h2aV 5^#a) Sl^^ol, 

^71 4#(\ 2)2) ^ oJns|$ ^2) Sl^f-SJ S|^^Jiq-2. 32, 

^71 4#(A 3)21 %4*o) #7] si^s. f^f-o.^*) ^5>fe n3*V s\*£%2) S?***«>1. 

A o v 7l 4#(A 3)21 ^ 4# <H«|^ 5)^^-21 Sl^^iLcl-E 32, 

5£«-, -5M 51^ ^(nl Ml^l n3)fe 4# ^1* D J^l7l^ ^-^1 ±SL t}$r %q<$ 

I n2 I = INT(\ 1 • I nl I /X 2) 

I n3 I = INT(X 1 • I nl I /X 3) 

I nl I = I n2 I > I n3 I 

nl-SrO, ± 1 °|2121 ^^s, INT(X 1 • I nl I /X 2)^ X 1 • | nl | /X 2* 1&-M*H ^41 Sjfe- ^^ji, INT 
(XI- I nl I /X 3)fe X 1 • I nl I /X 3* **^*F<^ ^Tfl ^^4. 
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Q^ty 211. 

^1210^1 5U»W, *l-g- ^^lfe S# s r fe =3-^1. 

! INT(X 1 • | nl | /X 2) - (\ 1 • | nl | /X 2) I < 0.4 

I INT(X 1 • | nl I /X 3) - (X 1 • | nl I /X 3) | < 0.4 
212. 



^12io-%hi %.°]*\, #?i %^n-^ #71 m °wi ss/sfe 71-^g. 

^ja.fii *H ^^s.^ #7] n 2*l- si^friM »I2 7i* D ^)o) ^ 7l s 

#°fl ^^Jl, #71 A)l3 #^.SL 7m D W1 Cfl6> ^a.fi| Tfl^ ^/SE^ 71^ tyi}-7] ^ fHJO^ aV 7 } n3 jj|. 
SW-I- #7) ^13 ^Ji 7)s. on^s] 7 )^<g ^-o)l ^#s^ 51 -§- a^io s ^ 



^T 1 ^ 213. 

^I2io^ofl stJ.oH, #71 5]*! ^aofl <a* r 3rfe #7i <yA)- #^21 m (x i), ^ Ijn (x 1)21 % 

^-fr £fe #71 4#(X 1)21 <Qa} #4rO| Aj-71 S)^ -f^tV -f 2j ^21 I Qur (X i) ( ^7) 3)*1 

^A^fe ^71 S^(X 2)21 #^2] I, N (\ 2), #71 I, N (X 2)21 £fe #71 2)-#(X 2) 2l $ 

#^f°l #71 fi|$ -f 3f*V ^2] #4-2] 3.3^ Iqut (x 2)> AV 7 | 5)^ ^ 2 oll ^Aj-^ $7} s$%(\ 3) 

-°-l 4 #^21 # 5 J=# IlN (X 3), #7) I 1N (\ 3)21 #*g=-§- £fe #71 4#(X 3)2] "J A} #^0] ^-71 S|*} ^» #4 

?V ^21 #a> ^-21 ^.g- I 0UT (X 3)ol2l- 554" nfl, cf-g- xj.g. "J^A^fe 53 a s.^)o. s gfe 

Iout 1)/Iin (X 1) > 0.7 

Iout (X 2)/I IN (X 2) > 0.7 

Iout 3)/I IN (X 3) > 0.7 

3^214. 

*fl210#°)l floH/SM Tfll ^il 71S- n|)^^ ^ji 71^2^ ^ ^A^oll ^3] ^(tl)l- All 1 fiLS## 

#71 ^2 ^Ji 71^ ol)^]^ 7lS.^o^ ^ ^A^&oll ^fil ^^( t 2)(t2 ^ tl)» ^fe *!12 

#71 ^13 3£ 71^ 71^2] ^ ^jA^ao)] ^^o) ^^( t3 )( t3 > t2 )t- ^13 £LS## ^Jl, 

#71 #«l-7)lfe- #7] 3)-#(X 1)21 #^ol ^7] sl^S. Hk%tt #71 nl^V fl^^g- #7l ^1 2. 

71 *H #71 ^11 1 71^ uH*||2l >ga. 71^011 0.07 X 1 rms 0 l5l2l #Eflt>)lA^ ^^JI, 

#71 4#(X 2)21 ##ol Aj-7] -f ^^-O.^ ^Ajj^ fe Aj-7] n2S ). 5]A4^ ^7] iL^#i- 7l*lA^ 

42 ^M. 7]^ D flS)l2) 3;a. 71^^)1 0.07 X 2 rms °lsl-2l ^$\°\)*\ %%i\JL, 

#71 2r#(X 3)21 #^o] Aj-7] f-^vojg.*] ^%}S= #71 n3^V S)^#* #7l ^13 £LS#* Tl^A^ Aj. 7 j 

^13 71^ Dfl^l2) 71-^0)1 007 x 3 rms olsl-el #BfloilAi ^J#5>^ ^^5. §Hr #^<a #*1. 
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^^215. 

^1210^1 SU*H-H. A oM Sl^-ffe ^71 nfl# ^]S2] %4? <yAj-^ao)l m)^^ ^J^. a^o £ t}^ %sa<$ #*], 
^^^"216. 

7)1210^1 SfloH. ^7) fl^fe -8-71 tB# sQasl ^<4| 3j# #^<a ^1. 

217. 

*|21(HM1 7l7H^l #S]<3 F ^7|ltV ^-g- S.^ o. s gj.^. ^ 5j.AV.2j 7 |.SL ^ tf /£Efe £^ g /££fe jjj. 

#3 

3^218. 

XI l ^o.s.^-efei i)2] #4p§. ol-g-sH xn tflXH cfltb 7^2] Tflxs) 7|-»-£ flaj-jn, 

*ll2 ^^5.^2] 2}^(X 2)(\ 2 >X 1)2] #^-§; ol^.S>^ »| 2 7|S. ofl^flofl cfldj- :§J±2] ^ ^/S^ 7l 

7fl3 %«^.S^2l 4^-(x 3)(X 3 >X 2)2] #^-g- o}^-S\Q\ >J2 7]S. nflSfldl] cfltV ^^.2] vcfl^S 7] 

m *j «hs w <a %s\ •§- ^ ^7^| o] t 

#7] %n i7]b tftq ±% *]-^2] 5].^^ SMJS}fe Sl^-ff- 5J-J7, 

^71 S|#(X 1)2] #^o] ^ 7 ] 2)^1- -fS^S*] UM^Kr nl*V S]^^2] S|^#lM. 

#7l 4^(X 1)2] ^ cfs ^rc-iev ^°] 31^^-2] Sl^^-^^S e ^-f«=11, 

A o v 7l 4*(X 2)2] %^o] a 0 v 7 ] S|^l. -f^jis*) n2 *]. SJ^Sj S^^o], 

W 4 J *(X 2)2] ^ §> cf# olre)^ g];g#2] sl^^iicfs 3.M, 

A J-7) sJ-#(\ 3)2] %4?o) W ^|5fen3^Sl^^-2] SWHM, 

3)2) f> 4^ ^tE]eV ^s) 2)^^-2] 3^#«8=SLc|-H 32, 

-*7| 5]^ *K*(„1 tfl^l n3)fe cj-^g- -LHWItt 34 ^^JAS. ^} 

I n2 | = INT(X 1 • | nl | /X 2) 

I n3 I = INT(X 1 • | nl I /X 3) 

I nl | > = | n2 | > | n3 | 

nl-8:0, ±1 °]SH4\ ^^rS,INT(X 1 • | nl |/X2)fe\ 1 • | nl | /X 2f - 3fe ^*r°U, INT 
(XI- | nl I /X 3)^ X 1 • | nl | A. 3* $-8:3 *H ^Tfl ^^1^. 
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219. 

*I|21MH1 5U<>W, *)-§- ^^H^Itt 5J-I- *3 °..sL Sj-fe ^ 

I INT(X 1 • | nl | /X 2) - INT(X 1 • | nl | /X 2) I < 0.4 

I INT(X 1 • | nl I /X 3) - INT(X 1 • | nl | /X 3) I < 0.4 
^T 1 * 220. 

^1218^1 SH^l #7) "^Hr 4^(X 1)21 #^2) I IN (X 1), #7] I tN (X 1)2) £fe 

A o V 7) 1)2] $7] S^-f-f- -f t^Br ^7) nl*V 5)^#2) S|tf#*# (X 1), #7) S\ 

A o'7l 4^(X 2)2) #^2) #^-§: 1^ (X 2 ), #7| I, N (X 2)2) ^ AV 7 ] ^(X 2) oj #^o) 

#7l 31^1- f-^tA-sL*! iMWfc- ^7) n2^> S]^^2) I 0UT (x 2), ^7| fi|$Jf<H| fl^fe ^ 

(X 3)2) ^2) I, N (X 3), ^71 I, N (X 3)2) £fe ^71 B)-^(X 3)2) #4?o] ^7] S)^* *S|.#O.S. 

M| Bj-^gj.^ Aj- 7] n3S) . S)^^fi) 5|^^# l 0UT (X 3)°14 Sj-fr nfl, 4-g- ^ ^a) 7 ]^ ^-g- fl^jo s Sfe ^ 

Iout D/Iin (X 1) > 0.7 
Iout 2)/Iin (X 2) > 0.7 
Iout 3)/I iN (X 3) > 0.7 

51<S 1 

(c) 
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51-3 4 




LD1 
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H«S 5 



-?7fl^ ^-2003-0030926 



(a) 



mi 



400nm- 



405nm 



' 410nm 



- 0.01 0 0.01 (mm) 



(b) 



NA1 



NA2 










^650nm 





(c) 



-0.01 0 0.01 0.02 0.03 (mm) 
NA1 



NA2 
NA3 



~760nm 



• 0.01 0 0.01 0.02 0.03 (mm) 
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6 



(a) 



405nm 



-410nm 



- 0.01 0 0.01 (mm) 
4^ 



(b) 



- 650nm 



(C) 



-0.01 0 0.01 0.02 0.03 (mm) 
NA1 



-780nm 



-0.01 0 0.01 0.02 0.03 (mm) 
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^ 7 



NA1 

\ [f^ 405nm 



400nm-' 



410nm 



-0.01 0 0.01 (mm) 
4*4 



-0.01 0 0.01 0.02 - 0.03 (mm) 



^7mn ^-2003-0030926 



NA1 



NA2 
NA3 



./ 



-0.01 0 0.01 0.02 0.03 (mm) 
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5^ 8 



(a) 



NA1 



400nm~ 



— 405nm 
--410nm 



(b) 



-0.01 0 0.01 (mm) 



NA1 
MA2 



-0.04 -0.Q3 -0.02 -0.01 0 0.01 (mm) 



(c) 

# 



NA1 

NA2 
NA3 

*"-780nm 



- 0.06 - 0 05 - 0.04 - 0.03 - 0.02 - 0.0 1 0 0.01 (mm) 
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H£ 8a 



(a) 



NA1 



403nm- 



i/^413rirn 
- 408nm 



-0.005 0 o.OOS (mm) 



(b) 



(c) 



-0.1 -0 -0 -0 -0 0 0.01 (mm) 



NA1 




-0.04-0.03-0.02-0.01 0 0.01 (mm) 
WW 



£^ 9 



- 165 - 



^2003-0030926 

£•3 10 




12 

NA0.8S 







395nm i 






^405™ 


l 1 


i 

J 



-0.0100 -0.0050 0.0 0.0050 0.0100 mm 
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13 



NA0.80 









NA0.60 




^-650nm 


1 1 


i 



-0.020 -O.010 0.0 0.010 



5Hg 14 



NA0.80 









■ NA0.45 




^-rdOnm 


1 I 


1 1 



-0.050 -0.025 0.0 0.025 O.OSO mm 



5=^ 15 
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£<3 IS 




£<a 17 

si 



E>a is 



NA0.85 







hi 

f ^-415nm 

i 










i 


i 1 




i 



-0.0100 -0.0050 0.0 0.0050 0.0100 mm 
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^ 19 



NA0.81 



NA0.65 



-650nm 



-0.020 -0.010 0.0 0.010 0.020 i 



£^ 20 



^7}]^^ ^-2003-0030926 



NA0.50 



-0.05 -0.03 0.0 0.03 0.05 I 



£^ 21 
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- 170 - 



^2003-0030926 




£^ 26 




27 



1 










r 
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E<3 28 




30 

NA0.85 



t- 



415nm 
405nm 



-0.0050 -0.0025 0.0 0.0025 0.0050 mm 
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31 



NA0.18 



NA0.60 



-CSSrcn 



-0.04 -0.02 



0 mm 



ZSi 32 

MAD.' 

NT 



NA0.45 



i 1 1 1 1 

-0,0050 -0.0025 0.0 0.0025 0.0050 i 
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51 <3 33 



mm) s 




405 650 780 

(nm) 



E.<S 34 



8 10 



5.^ 35 



iV 



0 



fit 




? 10 

; 



2" 



2.3 




^fl^ ^-2003 -0030926 

37 




\ 

2.3 



£^ 38 



? 10 




9 



£^ 39 




2.3 
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40 
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51 £ 43 

(a) 



18 




400nm 650r\m 780nm ty# A 



£^ 44 



15 


20 \ 












^19 



■Ml 

C 1 



^93 



CS3 



14a 



1 ^ 
12 13 
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45 




46 



29 



15 



TT 

12 13 



27 

V rfh 



{ 25a ,25b >i 
24a 26 24b 



-19 



r 

ESI 



47 




13 



- 178 - 



s-2003 - 0030926 
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5=3 51 



515041 
3*1(41) 




405 650 780 



A (nm) 



£3 52 







/ 


"V 






/ 

/ 








/ 

/ 

/ 

/ 
/ 








/ 

/ 

/ 

/ 

/ 








/ 

/ 








/ 

/ 

/ 













405 650 780 

^ A (nm) 



51^ 53 

7^ 

3 



£"3 54 
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^-2003-0030926 



SI'S 55 




56 



NAO.BS 



1 
t 




-0.0050 -0.0025 0.0 0.0025 0.0050 mm 



£^ 57 



MA0.65 



~T~ 



nr 



-0.0050 -0.0025 0.0 0.0025 0.0050 mm 
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£^ 58 
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NA0.50 



~ X -7BOnm 



-I 1 

-00050 -0.0025 0.0 0.0025 0.0050 I 





H^fl 59 


NA0.65 








i 


\ 

! 1 



-0.010 -0.005 0.0 0.005 0.010 mm 
WW 
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S.<3 BO 







NAO.SO 






^- 780nm 


1 1 


1 1 



-0.030 -0.015 0.0 0.015 0.030 mm 



£^ 61 

























— 1 







£.<3 62 

NA0.8S 



405nm 



-415nm 



-0.0100 -0.0050 0.0 0.0050 0.0100 mm 
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£>3 63 



NA0.85 



1 


. /x -405nm 


415nm-\ \ 

1 




/ 

(• 


f^-395nm 


\ 

\ 

1 "T" 


i 



-0.010 -0.005 0.0 0.005 0.010 mm 



£<3 64 




65 
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66 

NA0.65 

~^650nm 




-0.0050 -0.0025 0.0 0.0025 0.0050 mm 



^ 67 



i^-TOOnm 




-0.0050 -0.0025 0.0 0.0025 0.0050 mm 



£<S 68 
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E'S 69 



NA0.85 





r 


J 


I 


^405nm 


i 




X ~395nm 


415nm—\_| 






i - 
/ 




i i 



-0.010 -0.005 0.0 0.005 0.010 mm 

4** 



£<3 70 
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H<S 72 
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NA0.65 

V 



~^ 650nm 



I | 

-5.0E-3 -2.5E-3 0.0 2.5E-3 5.0E-3 I 



£<S 73 

NA0.50 

7 

■ 780nm 



1 1 

-5.0E-3 -2.5E-3 0.0 2.5E-3 5.0E-3 i 



5=^ 74 
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£<3 75 



NA0.85 



395nm^\ || / ^-415nm 



1 



I r 

-0.0100 -0.0050 0.0 0.0050 0.0100 mm 



^ 76 
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^ 78 



NA0.85 

r 



r 



650nm 



-0.0050 -O.0025 0.0 



1 

0.0025 0.0050 i 



£-<S 79 
NA0.50 




l l I l l ■ 
-0.0050 -O.0025 0.0 0.0025 0.0050 mm 



£^3 80 







h a 
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£"S 81 
82 

83 



NA0.B5 







395nm-~yJ , 


^-405001 


) 

415nm - >^_| 








I 1 


1 1 



-0.010 -0.005 0.0 0.005 0.010 mm 



- 190 - 



*7fl^-*l ^2003-0030926 



£^ 84 



NAD.B5 





- 




X -650nm 


\ 

1 1 


- 



-0.0050 -O.0025 0.0 0.0025 0.0050 rrrn 



85 




-0.0050 -0.0025 0.0 



1 1 

0.0025 0.0050 mm 



- 191 - 



^711^-^ ^-2003-0030926 



86 







NA0.65 






^-BSOnm 


i i 





-0.010 -0.005 0.0 0.005 0.010 i 



87 







: 1 




\ 

\ 










/ 



£<a 88 





V 


» 

/ 




/ 

\ 


— 395nm 


i ■ 
i 

, ri-J- 


1 1 



-0.0100 -0.0050 0.0 0.0050 0.0100 mm 



- 192 - 



■?7fls.*l ^-2003-0030926 



£^ 89 




-0.0050 -0.0025 0.0 0.0025 0.0050 mm 



- 193 - 



^7fl-a*) ^ 2003 - 0030926 



92 



NA0.50 

T 



^-7B0rtm 



-0.0050 -0.0025 0.0 0.0025 0.0050 mm 



51 £ 93 




350 400 450 500 550 600 650 700 750 BOO 
(nm) 



- 194 - 



J£^S 94 




2 40 



- 405 nm 
• 650 nm 

- 780 nm 



340 350 360 370 380 390 400 410 420 430 440 450 
AZi 4# (nm) 



£^ 95 




390 395 400 405 410 415 420 425 430 435 440 
4* *W (nm) 



£<S 96 



^2003- 0030926 



11-^1 




- 195 - 



^7fl^-*) ^2003-0030926 



£^ 97 



21 



15 



i 34 



92 



<0 



11Da—->lAv- 
110— f. 



a IS] 



^-93 



12 



13 



JE£ 98 




- 196 - 



